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MYOLOGY. 

By  A.  M.  Paterson. 

The  movements  of  the  various  parts  and  organs  of  the  body  are  brought  about  by 
the  agency  of  muscle-cells,  which  are  characterised  by  a  special  histological  structure 
and  by  the  special  function  of  contracting  in  length  under  the  influence  of  a  proper 
stimulus. 

There  are  three  classes  of  muscle-cells  :  (1)  the  striated,  and  usually  voluntary 
muscle-cells,  out  of  which  the  skeletal  muscular  system  is  constructed  ;  (2)  the  non- 
striated,  involuntary  muscle-cells,  occurring  in  the  walls  of  vessels  and  hollow 
viscera,  etc. ;  and  (3)  the  cardial  muscle-cells,  striated  but  involuntary,  of  which  the 
substance  of  the  heart  is  composed. 

The  following  section  deals  solely  with  the  skeletal  muscles,  the  structure, 
arrangement,  and  mechanical  action  of  which  are  based  upon  a  common  plan. 

The  cells  of  which  the  skeletal  muscles  are  composed  are  long,  narrow,  and 
characterised  by  a  peculiar  striation,  which  is  different  from  the  striation  of 
the  muscle-cells  of  the  heart ;  they  also  differ  both  in  structure  and  function 
from  the  non-striated  muscle-cells  which  occur  in  viscera  and  vessels. 

A  typical  skeletal  muscle  consists  of  a  fleshy  mass  enveloped  in  a  membranous 
aponeurosis  or  fascia,  and  provided  at  its  extremities  or  borders  with  membranous 
or  tendinous  attachments  to  bone,  cartilage,  or  fascia. 

Each  muscle  is  made  up  of  a  number  of  fasciculi  or  bundles,  arranged  together 
in  different  muscles  in  different  ways,  so  as  to  give  rise  to  the  particular  form  of 
the  muscle  in  question.  These  fasciculi  are  connected  together  by  a  delicate 
connective  tissue,  the  perimysium  externum,  continuous  externally  with  the 
aponeurosis  enclosing  the  muscle. 

Each  muscular  bundle  or  fasciculus  is  composed  of  a  number  of  narrow,  elon- 
gated muscle-cells  or  fibres,  held  together  by  a  still  more  delicate  connective  tissue, 
the  perimysium  internum.  This  tissue  is  connected  on  the  one  hand  with  the  sarco- 
lemma  or  cell-wall  of  the  muscle-cell,  and  on  the  other  hand  with  the  coarser 
tissue  of  the  perimysium  externum  enclosing  the  muscular  bundles. 

By  means  of  these  connective  tissue  envelopes  the  muscle-cells,  the  essential 
agents  of  motor  activity,  are  brought  into  firm  and  intimate  relation  with  the 
osseous  or  other  attachments  of  the  muscle.  Through  the  agency  of  sarcolemma, 
perimysium  internum,  perimysium  externum,  aponeurosis,  and  tendon,  the  muscle- 
cell  when  it  contracts  can  produce  a  precise  and  definite  effect  upon  the  weight  to 
be  moved. 

Each  muscle  is  supplied  by  one  or  more  nerves,  which,  in  their  course 
through  the  muscle,  separate  into  smaller  and  smaller  branches,  ultimately,  by 
their  terminal  filaments  (axons),  forming  special  end-organs  in  relation  to  each 
muscle-cell. 

While  a  muscle  may  thus  be  looked  upon  as  an  organ  endowed  with  particular 
properties,  and  executing  a  definite  movement  in  response  to  a  stimulus  by  the 
simultaneous  contraction  of  its  constituent  cells,  the  various  muscles  may  further 
be  considered  in  groups,  associated  together  by  mode  of  development,  nerve-supply, 
and  co-ordination  of  action.    For  example,  we  speak  of  the  hamstring  muscles  of 
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the  thigh,  the  muscles  of  the  back,  and  the  prsevertebral  muscles — groups  in  which 
separate  muscles  are  associated  together  by  development,  nerve-supply,  and  action. 
In  their  development  the  separate  muscles  arise  from  the  subdivision  of  a  larger 
stratum,  as  in_the  limbs^  or  from  the  fusion  of^^egmentaj^ elements  Tmyotomes^as  in 
Ihe  case  of  theaxial  niuscles ;  the  peripheral  nerves  supplying  skeletal  muscles  are 
distributed,  thiwighTheplexuses  or  directly,  so  as_to_associa^jpa 
morphologically  and  physiologically,  and  to  secure^aTco-ordinated  movement  by  the 
simultaneous  contraction  of  several  muscles  together. 

FASCIA. 

Beneath  the  skin  there  are  two  (or  in  some  regions  three)  layers  of  tissue  which 
require  consideration :  the  superficial  fascia  (panniculus  adiposus),  the  deep  fascia 
(fascia  lata),  and,  in  animals,  the  panniculus  carnosus  (rudimentary  in  man,  and 
represented  chiefly  by  the  platysma  myoides  in  the  neck). 

Superficial  Fascia. — The  superficial  fascia  is  a  continuous  sheet  of  areolar 
tissue  which  underlies  the  skin  of  the  whole  body.  It  is  closely  adherent  to  the 
cutis  vera,  and  is  sometimes  termed  panniculus  adiposus,  from  the  fact  that,  except 
beneath  the  skin  of  the  eyelids,  penis,  and  scrotum,  it  is  always  more  or  less 
impregnated  with  fat.  It  is  traversed  by  the  cutaneous  vessels  and  nerves ;  and 
its  deep  surface,  membranous  in  character,  is  in  loose  connexion  with  the  subjacent 
deep  fascia.    It  is  in  this  layer  that  dropsical  effusions  chiefly  occur. 

Deep  Fascia. — Underneath  the  skin  and  superficial  fascia  is  a  fibrous 
membrane,  bluish  white  in  colour,  devoid  of  fat,  and  in  closest  relation  to  skeleton, 
ligaments,  and  muscles.  This  is  the  deep  fascia.  It  covers,  invests,  and  in  some 
cases  forms  the  means  of  attachment  of  the  various  muscles.  It  has  a  special 
tendency  to  become  attached  to  all  subcutaneous  bony  prominences,  and  to  be 
continuous  with  the  connecting  ligaments.  It  forms  septal  processes,  which 
separate  groups  of  muscles  and  individual  muscles ;  enclose  glands  and  viscera ; 
and  form  sheaths  for  vessels  and  nerves.  Around  joints  it  gives  rise  to  bands 
which  strengthen  the  capsule  or  limit  the  mobility  of  the  joint,  or,  as  in  the  case 
of  annular  ligaments,  bind  down  the  tendons  passing  over  the  joint.  It  not  only 
ensheathes  vessels  and  nerves,  but  is  perforated  by  those  which  pass  between  super- 
ficial and  deeper  parts. 

The  term  aponeurosis  is  used  in  relation  to  muscles.  It  is  synonymous  with  deep 
fascia,  either  as  an  investing  fascia,  or  as  a  membranous  layer  which  {e.g.  vertebral 
aponeurosis)  performs  at  one  and  the  same  time  the  purpose  of  a  deep  fascia  and 
the  expanded  membranous  attachment  of  a  muscle. 

The  panniculus  carnosus  is  a  thin  muscular  layer  enveloping  the  trunk  of 
animals  with  a  liairy  or  furry  coat.  It  is  strongly  developed  in  the  hedgehog.  In 
man  it  is  represented  mainly  in  the  (rudimentary)  platysma  myoides.  It  is  placed 
between  the  superficial  and  the  deep  fascia. 

Bursse. — Where  a  tendon  passes  over  a  bony  surface,  or  where  the  superficial 
fascia  and  skin  cover  a  bony  prominence,  there  is  generally  formed  a  synovial 
sac,  or  bursa,  containing  fluid,  for  the  purpose  of  lubricating  the  surface  over 
which  the  tendon  or  fascia  glides.  Allied  to  these  are  the  synovial  sheaths 
which  envelop  tendons  beneath  the  annular  ligaments  in  relation  to  the  several 
joints. 

Description  of  Muscles. — In  studying  the  muscular  system  it  is  necessary  to 
note  the  following  characters  in  reference  to  each  individual  muscle  :  (1)  The  shajpe 
of  the  muscle — flat,  cylindrical,  triangular,  rhomboidal,  etc.^ — and  the  character  of 
its  extremities — membranous,  tendinous,  or  fleshy.  (2)  The  attachments  of  the 
muscle.  The  origin  is  the  more  fixed  or  central  attachment :  the  insertion  is  the 
more  movable  or  peripheral  attachment.  (3)  The  relations  of  the  surfaces  and 
borders  of  the  muscle  to  bones,  joints,  other  muscles,  and  other  important  structures. 
(4)  Its  vascular  and  nervous  supply  ;  and  (5)  its  action.  It  must  be  borne  in  mind 
that  hardly  any  single  muscle  acts  alone.  Each  muscle,  as  a  rule,  forms  one 
of  a  group  acting  more  or  less  in  harmony  with,  and  antagonised  by,  other  and 
opposite  groups. 
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DESCRIPTION  OF  THE  MUSCLES. 

The  skeletal  muscles  may  be  divided  into  two  series  :  axial  and  appendicular. 
The  axial  muscles  comprise  the  muscles  of  the  trunk,  head,  and  face,  including 
the  panniculus  carnosus  (platysma  myoides).  These  muscles  are  more  or  less 
segmental  in  arrangement,  grouped  around  the  axial  skeleton.  The  appendicular 
muscles,  the  muscles  of  the  limbs,  are  grouped  around  the  appendicular  skeleton. 
They  are  not  segmental  in  arrangement,  they  are  clearly  separate  from  the 
axial  muscles,  and  they  are  arranged  in  definite  strata  in  relation  to  the  bones  of 
the  limbs. 

APPENDICULAR  MUSCLES. 

THE  UPPER  LIMB. 
FASCLE  AND  SUPERFICIAL  MUSCLES  OF  THE  BACK. 

Fascia. 

The  superficial  fascia  of  the  back  presents  no  peculiarity.  It  is  usually 
of  considerable  thickness,  and  contains  a  quantity  of  fat. 

The  deep  fascia  closely  invests  the  muscles.  It  is  attached  in  the  middle  line 
of  the  back  to  the  ligamentum  nuchse,  supraspinous  ligaments,  and  vertebral  spines  ; 
laterally  it  is  attached  to  the  spine  of  the  scapula  and  the  clavicle,  and  is  continued 
over  the  deltoid  region  to  the  arm.  In  the  neck  it  is  attached  above  to  the 
superior  curved  line  of  the  occipital  bone,  and  is  continuous  laterally  with  the  deep 
cervical  fascia.  Below  the  level  of  the  arm  it  is  continuous  round  the  border  of  the 
latissimus  dorsi  muscle,  with  the  fascia  of  the  axilla  and  of  the  abdominal  wall. 
In  the  back  and  loin  it  constitutes  the  vertebral  aponeurosis  or  aponeurosis  of  the 
latissimus  dorsi.  It  conceals  the  erector  spinte  muscle,  forming  the  posterior  layer  of 
the  lumbar  fascia,  a.nd  it  is  attached  internally  to  the  vertebral  spines,  and  externally 
to  the  angles  of  the  ribs,  to  the  lumbar  fascia,  and  to  the  iliac  crest. 

The  Superficial  Muscles  of  the  Back. 

The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  attach- 
ments: (1)  vertebro-scapular  and  vertebro-humeral;  (2)  vertebro-costal;  (3)  vertebro- 
cranial ;  and  (4)  vertebral.  The  first  of  this  series  consists  of  the  posterior  muscles 
connecting  the  upper  limb  to  the  trunk,  and  comprises  the  first  two  layers  of  the 
muscles  of  the  back — (1)  trapezius  and  latissimus  dorsi,  and  (2)  levator  anguli 
scapuke  and  rhomboidei  (major  and  minor).  The  deeper  (axial)  muscles  of  the  back 
are  dealt  with  later. 

The  trapezius  (m.  trapezius,  cucullaris)  is  a  lai;ge  triangular  muscle  occupying  the 
upper  part  of  the  back.  It  arises  from  the  superior  curved  line  of  the  occipital  bone 
in  its  inner  third,  from  the  external  occipital  protuberance  (Fig.  312,  p.  397),  from 
the  ligamentum  nuchse,  from  the  spines  of  the  seventh  cervical  and  all  the  thoracic 
vertebrae,  and  the  corresponding  supra-spinous  ligaments.  The  origin  is  by  direct 
■  fleshy  attachment,  except  in  relation  to  the  occipital  bone,  the  lower  part  of  the 
neck,  and  the  lower  thoracic  vertebrae,  in  which  places  the  origins  are  tendinous. 
From  their  origin  the  muscular  fibres  converge  towards  the  bones  of  the  shoulder, 
to  be  inserted  conti-^nously  from  before  backwards  as  follows :  (1)  The  occipital 
and  upper  cervical  fibres — into  the  posterior  surface  of  the  clavicle  in  its  outer 
third  (Figs.  243,  p.  319,  and  248,  p.  324);  (2)  the  lower  cervical  and  upper 
thoracic  fibres — into  the  inner  border  of  the  acromion  process,  and  the  upper 
border  of  the  spine  of  the  scapula ;  and  (3)  the  lower  thoracic  fibres,  by  a 
triangular  flat  tendon,  beneath  which  a  bursa  is  placed — into  a  rough  tuberosity 
at  the  base  of  the  spine  of  the  scapula  f^pTgr-S^Qf-^^^^;^  The  fibres  inserted 
into  the  clavicle,  acromion,  and  the  upper  border  of  the  spine  of  the  scapula,  spread 
over  the  adjacent  subcutaneous  surfaces  of  these  bones  for  a  variable  distance. 
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The  occipital  portion  of  the  muscle  may  be  in  the  form  of  a  separate  slip,  or  may 
be  entirely  absent. 

The  trapezius  is  superficial  in  its  whole  extent.  Its  upper  lateral  border  forms 
the  posterior  limit  of  the  posterior  triangle  of  the  neck.  The  lower  lateral  border, 
passing  over  the  upper  edge  of  the  latissimus  dorsi  and  the  vertebral  border  of  the 
scapula,  forms  a  boundary  of  the  so-called  triangle  of  auscultation  completed  below 
by  the  latissimus  dorsi,  and  externally  by  the  vertebral  border  of  the  scapula.  This 
space  is  partly  filled  up  by  the  rhomboideus  major.  The  deep  surface  of  the  muscle 
is  in  contact  with  the  complexus,  splenius  capitis,  omohyoid,  supraspinatus,  levator 
anguli  scapulae,  rhomlDoidei,  serratus  posticus  superior,  erector  spina?,  and 
latissimus  dorsi  muscles.  The  spinal  accessory  nerve,  branches  of  the  cervical 
plexus  (C.  3.  4.),  and  of  the  superficial  cervical  and  posterior  scapular  arteries,  are 
situated  beneath  the  muscle. 

The  latissimus  dorsi  is  a  largejriangular  muscle  occupying  the  lower  part  of 
the  back.    It  has  a  triple  origin.    The  greater  part  of  the  muscle  arises — (1)  from 


Pectoralis  major  (origin) 


Fig.  243.— Muscle- Attachments  to  the  Clavicle  (Upper  Surface). 


the  vertebral  aponeurosis  (posterior  layer  of  the  lumbar  fascia  or  aponeurosis  of  the 
latissimus  dorsi).  This  is  a  thick  membrane  which  conceals  the  erector  spin«  in 
the  lower  part  of  the  back.  Through  it  the  latissimus  dorsi  gains  attachment  to 
the  spines  of  the  lower  six  thoracic  vertebrae,  the  spines  of  the  lumbar  vertebrae, 
and  the  tendon  of  the  erector  spinae  with  which  the  aponeurosis  blends  below.  It 
also  arises  more  externally  by  fleshy  fibres  from  the  posterior  part  of  the  iliac  crest. 
From  this  origin  the  muscle  is  directed  upwards  and  outwards,  its  fibres  converging 
to  the  lower  angle  of  the  scapula.  In  relation  to  its  upper  and  outer  borders 
additional  fibres  arise.  (2)  Along  the  outer  border  muscular  slips  arise  from  the 
lower  three  or  four  ribs,  inter-digitating  with  the  origins  of  the  obliquus  externus 
abdominis.  (3)  As  the  upper  border  of  the  muscle  passes  horizontally  over  the 
lower  angle, of  the  scapula,  an  additional  fleshy  slip  usually  takes  origin  from  this 
part  of  the  boneTo"join  tlie  muscle  on  its  deep  surface  (Fig.  245,  p.  321). 

Beyond  the  lower  angle  of  the  scapula  the  latissimus  dorsi,  greatly  narrowed, 
curves  spirally  round  the  teres  major  muscle,  and  forms  the  prominence  of  the 
posterior  axillary  fold.  It  ends  in  a  ribbon-like  tendon,  closely  adherent  at  first  to 
the  teres  major,  which  is  inserted  into  the  floor  of  the  bicipital  groove  of  the 
humerus,  extending  for  about  three  inches  below  the  lower  and  outer  part  of  the 
lesser  tuberosity  (Fig.  253,  p.  329).  It  is  placed  behind  the  coraco-brachialis  and 
biceps,  and  the  axillary  vessels  and  nerves,  and  in  front  of  the  insertion  of  the  teres 
major,  from  which  it  is  separated  by  a  bursa. 

In  the  back  the  latissimus  dorsi  is  superficial,  except  in  its  upper  part,  which  is 
concealed  by  the  trapezius.  It  lies  upon  the  lumbar  fascia,  serratus  posticus 
inferior,  the  ribs,  and  lower  angle  of  the  scapula,  and  at  its  borders  two  triangular 
spaces  are  formed ;  at  the  upper  border  is  the  so-called  triangle  of  auscultation ;  at 
the  outer  border  is  the  triangle  of  Petit,  a  small  space  bounded  by  the  iliac  crest, 
the  latissimus  dorsi,  and  the  obliquus  externus  abdominis.  This  is  the  site  of  an 
occasional  lumbar  hernia. 

The  levator  anguli  scapulae  (levator  scapulae)  is  a  strap-like  muscle,  arising 
by  tendinous  sli]>s  horn,  the  posterior  tubercles  of  the  transverse  processes  of  the 
first  three  or  lour  cervical  vertebrae,  between  the  attachments  of  the  scalenus 
niedius  in  front  and  tli*e  splenius  colli  behind.    It  is  directed  downwards  along  the 
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side  of  the  neck,  to  be  inserted  into  the  vertebral  border  of  the  scapula  in  its  upper 
fourth,  from  the  superior  angle  to  the  spine  (Fig.  245,  p.  321).  It  is  concealed  in 
its  upper  third  by  the  sterno-mastoid  and  deep  muscles  of  the  neck.  In  its  middle 
third  it  occupies^  the  floor  of  the  posterior  triangle.    In  its  lower  third  it  is  again 


Fig.  244. — Superficial  Muscles  op  the  Back. 


hidden  from  view  by  the  trapezius.  It  conceals  the  splenius  colli  and  cervicalis 
ascendens  muscles. 

_  The  rhomboideus  minor  may  be  regarded  as  a  separated  slip  of  the  rhom- 
boideus  major,  with  which  it  is  often  continuous.  It  arises  from  the  ligamentum 
nuchm  and  the  spines  of  the  seventh  cervical  and  first  thoracic  vertebrae.  Passing 
obliquely  downwards  and  outwards,  it  is  inserted  into  the  vertebral  border  of  the 
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Deltoid  (origin) 


ceps  (origin  of 
g  head) 


lor  (origin)  with 
orsal  scapuhir 


^'"'scapula  below  the  levator  anguli  scapulae  muscle,  and  opposite  to  the  base  of  the 
spine  (Fig.  245,  p.  321). 

The  rhomboideus 
major  arises  from  the 
spinous  processes  of  the 
thoracic  vertebrae  from 
the  second  to  the  fifth 
inclusive,  and  from  the 
corresponding  supra- 
spinous ligaments.  Pass- 
ing downwards  and  out- 
wards, it  is  inserted  below 
the  rhomboideus  minor 
into  the  vertebral  border 
of  the  scapula,  between 
the  spine  and  the  lower 
angle  (Fig.  245,  p.  321). 
The  muscle  is  only  in- 
serted directly  into  the 
scapula  by  means  of  its 
lower  fibres.  Its  upper 
part  is  attached  to  a 
membranou  s  band,  which, 
connected  for  the  most 
part  by  loose  areolar 
tissue  to  the  vertebral 
border  of  the  scapula,  is 
fixed  to  the  bone  at  its 
extremities,  above  near 
the  base  of  the  spine,  and 
below  at  the  inferior 
angle. 

'  The  rhomboid  muscles  are  concealed  for  the  most  part  by  the  trapezius.  The 
lower  part  of  the  rhomboideus  major  is  superficial  in  the  triangle  of  auscultation. 
The  muscles  cover  the  serratus  posticus  superior  and  vertebral  aponeurosis. 


Fig.  245. 


major  (origin) 


atissimus  dorsi  (origin) 
■Muscle-Attachments  to  the  Scapula  (Posterior  Surface). 


THE  FASCIA  AND  MUSCLES  OF  THE  PECTOEAL  EEGION. 

FASCIA. 

The  superficial  fascia  of  the  chest  usually  contains  a  quantity  of  fat,  in  which 
the  mamma  is  embedded.  The  origin  of  the  platysma  myoides  muscle  lies  beneath 
its  upper  part. 

The  deep  fascia  is  attached  above  to  the  clavicle,  and  internally  to  the 
sternum.  Below  it  is  continuous  with  the  fascia  of  the  abdominal  wall.  It  gives 
origin  to  the  platysma  myoides,  and  invests  the  pectoralis  major.  At  the  outer 
border  of  the  great  pectoral  muscle  it  is  thickened,  and  forms  the  floor  of  the 
axillary  space  (axillary  fascia),  continued  posteriorly  on  to  the  posterior  fold  of  the 
axilla  (teres  major  and  latissmus  dorsi),  and  externally  into  connexion  with  the 
deep  fascia  of  the  arm. 

Costo-Coracoid  Membrane. — Beneath  the  pectorahs  major  a  deeper  stratum  of 
fascia  invests  the  pectoralis  minor  muscle.  At  the  upper  border  of  this  muscle  it 
forms  the  costo-coracoid  membrane,  which  passes  upwards  to  the  lower  border  of  the 
subclavius  muscle,  where  it  splits  into  two  layers,  attached  in  front  of  and  behind 
that  muscle  to  the  borders  of  the  under  surface  of  the  clavicle.  The  membrane 
traced  inwards  along  the  subclavius  muscle  is  attached  to  the  first  costal  cartilage ; 
passing  outwards  along  the  upper  border  of  the  pectoralis  minor  it  reaches  the 
coracoid  process.    The  part  of  the  membrane  extending  directly  between  the  first 
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costal  cartilage  and  the  coracoid  process  is  thickened  and  forms  the  costo-coracoid 
ligament.  The  costo-coracoid  membrane  is  otherwise  thin  and  of  comparatively 
small  importance.  It  is  pierced  by  the  cephalic  vein,  thoracic  axis  artery  and 
vein,  and  branches  of  the  external  anterior  thoracic  nerve.  By  its  deep  surface  it  is 
connected  to  the  sheath  of  the  axillary  vessels. 

At  the  lower  border  of  the  pectoralis  minor  there  is  a  further  extension  of  the 
deep  fascia  beneath  the  pectoralis  major.  It  passes  downwards  to  join  the  fascia 
forming  the  floor  of  the  axilla,  and  is  continued  externally  into  the  fascia  covering 
the  biceps  and  coraco-bracliialis  muscles. 


MUSCLES  OF  THE  PECTORAL  REGION. 


.Stenin-cleido-iiiastoicl  (urigiii) 


The  anterior  muscles  connecting  the  upper  limb  to  the  axial  skeleton  comprise 
the  pectoralis  major,  pectoralis  minor,  subclavius,  serratus  magnus,  and  sternp- 
cleido-mastoid.    The  last  is  described  in  a  later  section. 

The  pectoralis  major  is  a  large  fan-shaped  muscle  arising  in  three  parts:  (1) 
a  clavicular  portion  arising  from  the  front  of  the  clavicle  in  its  inner  half  or  two- 
thirds  (Figs.  248,  p.  324,  and  243,  p.  319) ;  (2)  a  costo-sternal  portion,  the  largest 

part  of  the  muscle,  arising  from  the  anterior 
surface  of  the  pre-sternum  and  meso-sternum 
by  tendinous  fibres  decussating  with  those  of 
the  opposite  muscle  (Fig.  246,  p.  322);  and 
more  deeply  from  the  cartilages  of  the  first  six 
ribs;  (3)  an  abdominal  j^ortion,  a  small  and 
separate  slip,  arising  from  the  aponeurosis  of 
the  obliquus  externus  muscle.  The  abdominal 
slip,  at  first  separate,  soon  merges  with  the 
costo-sternal  portion,  but  a  distinct  interval 
usually  remains  between  the  two  first -named 
parts  of  the  muscle.  The  fibres  converge  towards 
the  upper  part  of  the  arm,  and  are  inseparably 
blended  at  a  point  half  an  inch  from  their  in- 
sertion into  the  humerus.  The  muscle  is  inserted 
into  (1)  the  outer  border  of  the  bicipital 
groove  of  the  humerus,  extending  upwards  to 
the  great  tuberosity,  and  blending  externally 
with  the  insertion  of  the  deltoid,  internally 
with  the  insertion  of  the  latissimus  dorsi  (Fig. 
253,  p.  329) ;  (2)  from  the  upper  border  of  the 
insertion  a  membranous  band  extends  upwards 
to  the  capsule  of  the  shoulder-joint,  enveloping 
at  the  same  time  the  tendon  of  the  biceps ;  and 
(3)  from  the  lower  border  a  band  of  fascia  passes 
downwards  to  join  the  fascia  of  the  arm. 

The  arrangement  of  the  fibres  of  the  muscle 
at  its  insertion  is  peculiar.  The  muscle  is  twisted 
on  itself,  so  that  the  lower  (costo-sternal)  fibres 
are  directed  upwards  and  outwards  behind  the 
upper  (clavicular)  part  of  the  muscle ;  in  conse- 
quence the  clavicular  part  is  attached  to  the 
humerus  lower  down  than  the  costo-sternal 
portion,  and  is  inserted  also  into  the  fascia  of  the 
arm.  The  twisting  of  the  fibres  is  specially  found  in  the  lower  costo-sternal  fibres 
of  the  muscle  and  the  abdominal  fibres.  These  curve  upwards  behind  the  upper 
costo-sternal  fibres,  and  are  inserted  highest  to  the  shaft  of  the  humerus,  helping  to 
form  the  fascial  expansion  which  extends  upwards  over  the  biceps  tendon  to  the 
capsule  of  the  shoulder-joint.    In  this  way  a  bilaminar  tendon  is  produced  united 


Rectus  abdominis 
(iiisortion) 


Fig.  246. — Muscle- Attachments  to  the 
Front  of  the  Sternum. 


hU   Tl^/vTOCLES^FTpPECTOEA-LEEGIOK  323 

along  its  lower  border ;  and  consisting  of  a  superficial  lamina  formed  by  the  upper 
costo-sternaLfibres,  blending  for  the  most  part  with  the  tendon  of  the  clavicular 
portion ;  and  a  deep  lamina,  composed  of  the  twisted  lower  costo-sternal  and 
abdominal  fibres.    The  disposition  of  the  muscular  fibres  at  their  insertions  is  the 


Sterxo-mastoid" 
Trapkzius 


SlFBCLAVIUS 


( )oracoid 
process 

Pectoralis 
MAJOR  (divided) 

I^ECTORALIS 
MINOR 

Pectoralis 
MAJOR  (divided) 


jserratus 

,/  MAGNl^S 


Jjineii'  transvers 


Obliquv's  externus 
abdominis 


Tjinea  semilunaris 


rVRAMIDALlS  ABDOMINIS-^  j 

Poupart's  ligament — - 
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Triangiilar  fascia" 


Fig.  247. — Anterior  Muscles  of  the  Trunk. 


reason  for  the  application  of  the  terms  fortio  attollens  to  the  clavicular  portion, 
and  portio  deprimms  to  the  costo-sternal  and  abdominal  portions  of  the  muscle. 

Placed  superficially  on  the  chest  wall,  the  pectoralis  major  forms  the  front 
wall  of  the  axilla,  and  by  its  lower  or  outer  border,  the  anterior  fold  of  the  space. 
Its  upper  border  is  separated  I'rom  the  edge  of  the  deltoid  muscle  by  an  interval 
in  which  lie  the  ceplialic  vein  and  humeral  artery.  Its  deep  surface  is  in 
relation  with  the  ribs  and  intercostal  muscles,  the  costo-coracoid  membrane  and 
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the  structures  piercing  it,  the  pectoralis  minor,  the  axillary  vessels,  and  the  nerves 
of  the  brachial  plexus. 

Sternalis  muscle. — The  sternalis  is  an  occasional  muscle  j)laced,  when  present,  parallglto 
the  sternum  iipini  the  sterno-costal  origin^of  the  pectoralis  major.  It  has  attachmentswhicTr 
are  very  variable,  hoth  above  and  helow,  to  the  costal  cartilages,  sternum,  rectus  sheath,  sterno- 
mastoid,  and  pectoralis  major.  Its  nerve-supply  is  from  one  or  both  of  the  anterior  thoxadc 
nerves.  In  certain  rare  cases  it  has  been  said  to  be  innervated  by  intercostal  nerves.  It  is 
present  in  4*4  cases  out  of  100,  and  it  is  slightly  more  frequent  in  the  male  than  in  the  female. 
It  has  been  regarded  by  different  observers  as  (1)  a  vestige  of  the  panniculus  carnosus,  (2)  a 
liomologuc  of  tlie  steruo-mastoid,  or  (3)  a  displaced  slip  of  the  pectoralis  major. 

Chondro-epitrochlearis,  dorso-epitrochlearis,  axillary  arches,  costo-coracoideus.— One 
or  other  of  the  above-named  slijDS  is  occasionally  present,  crossing  the  floor  of  the  axilla  in  the 
interval  between  the  latissimus  dorsi  and  the  pectoralis  major.  They  take  origin  from  the  costal 
cartilages,  ribs,  or  borders  of  the  pectoralis  major  {chondro-ejjitrochlearis,  axillary  arches,  costo- 
coracoideus),  or  from  the  border  of  the  latissimus  dorsi  {dorso-epitrochlearis,  axillary  arches,  costo- 
coracoideus).  Their  insertion  is  variable.  The  chondro-epitrochlearis  and  dorso-epitrochlearis  are 
inserted  into  the  fascia  of  the  arm  on  the  inner  side,  the  internal  intermuscular  septum,  or  the 
internal  condyle  of  the  humerus.  The  axillary  arches  are  inserted  into  the  border  of  the  pectoralis 
major,  the  fascia  of  the  arm,  or  the  coraco-brachialis  or  biceps  muscle.  The  costo-coracoideus, 
arising  from  the  ribs  or  the  aponeurosis  of  the  obliquus  externus,  or  detaching  itself  from  the 
border  of  the  pectoralis  major  or  latissimus  dorsi,  is  attached  to  the  coracoid  j)rocess,  alone  or 
along  with  one  of  the  muscles  attached  to  that  bone.  These  variable  slips  of  muscle  are  supplied 
by  the  iuternal  anterior  thoracic  nerve,  the  lesser  internal  cutaneous  nerve,  or  the  intercosto- 
liumeral. 

The  pectoralis  minor  is  a  narrow,  flat,  triangular  muscle.  It  arises  from  (1) 
the  outer  surfaces  and  upper  borders  of  the  third,  fourth,  and  fifth  ribs  near  their 
anterior  ends,  and  (2)  from  the  fascia  covering  the  third  and  fourUT  intercostal 
spaces  between  these  ribs.  It  may  have  an  additional  origin  from  the  second  rib 
(Fig.  330,  p.  420) ;  and  that  from  the  fifth  rib  is  often  absent.  Directed  obliquely 
outwards  and  upwards,  it  is  inserted  by  a  short,  flat  tendon  into  the  outer  half  of 
the  anterior  (inner)  border  and  upper  surface  of  the  coracoid  process"  (Fig.  250, 
p.  325),  and  usually  also  into  the  conjoint  origin  of  the  biceps  ancl  coraco-brachialis. 
It  is  wholly  concealed  by  the  pectoralis  major,  except  when  the  arm  is  raised, 
when  the  outer  border  of  the  muscle  becomes  superficial.  It  enters  into  the 
formation  of  the  front  wall  of  the  axilla,  and  gives  attachment  along  its  upper 
border  to  the  costo-coracoid  membrane.  It  crosses  the  axillary  vessels  and  the 
cords  of  the  brachial  plexus,  and  is  pierced  by  branches  of  the  anterior  thoracic 
nerves. 

Either  in  part  or  wholly  tlie  j^ectoralis  minor  may  pass  over  the  coracoid  process  of  the 
scapula,  separated  from  it  b}^  a  bursa,  to  be  inserted  into  the  coraco -acromial  ligament,  or  the 
acromion  process  ;  or  j)iercing  the  coraco-acromial  ligament,  it  may  be  attached  to  the  capsule  of 
the  shoulder-joint  (coraco-humeral  ligament). 

Pectoralis  minimus. — This  is  a  slender  slip,  rarely  present,  which  extends  between  the  first 
costal  cartilage  and  tlie  coracoid  j^rocess. 

The  subclavius  muscle  arises  from  the  upper  surface  of  the  first  costal  cartilage 
in  front  of  the  costo  -  clavicular  ligament,  aud  from  the  upper  surface  of  the 


Costo-clavic- 
ular  ligament 
(rhomboid) 


Fig.  248. — Muscle-Attachments  to  the  Clavicle  (Under  Surface). 


distal  end  of  the  first  rib  (Fig.  330,  p.  420).  It  is  inserted  into  a  groove  in  the 
middle  third  of  the  under  surface  of  the  clavicle  (Fig.  248,  p.  324).  The  muscle 
is  invested  by  the  fascia  which  forms  the  costo-coracoid  membrane,  and  is  concealed 
by  the  clavicle  and  the  clavicular  origin  of  the  pectoralis  major. 
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The  sterno-clavicularis  is  a  small  separate 
slip,  rarely  j^^'^sent,  extending  beneath  the  pector- 
alis  major  from  the  upper  part  of  the  sternum  to 
the  clavicle. 

The  serratus  magnus  (m.  serratus 
anterior)  is  a  large  curved  quadrilateral 
muscle  occupying  the  side  of  the  chest 
and  inner  wall  of  the  axilla.  It  arises  by 
fleshy  slips  from  the  external  aspect  of 
the  upper  eight  and  occasionally  (as  in 
the  figure)  from  nine  ribs.  The  first  slip 
is  a  double  one,  arising  from  the  first  two 
rib§_  and  the  fascia  covering  the  inter- 
vening space  (Fig.  330,  p.  420).  The 
insertion  of  the  muscle  is  threefold.  (1) 
The  first  portion  of  the  muscle  (from  the 
first  and  second  ribs)  is  directed  back- 
wards to  be  inserted  into  the  ventral 
aspect  of  the  upper  angle  of  the  scapula. 
(2)  The  next  three  slips  of  the  muscle 
(from  the  second,  third,  and  fourth  ribs) 
are  inserted  into  the  vertebral  border  of 
the  scapula.  (3)  The  last  four  slips 
(from  the  fifth,  sixth,  seventh,  and  eighth 
ribs)  are  directed  obliquely  upwards  and 
backwards,  to  be  inserted  on  the  ventral 


Fig.  249. — The  Serratus  Magnus  Muscle. 


Deltoid  (origin) 
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Fig.  250. 


Muscle-Attachments  to  the  Scapula 
(Anterior  Aspect). 


aspect  of  the  lower  angle  of  the 
scapula  (Fig.  250,  p.  325). 

The  external  surface  of  the 
muscle  is  partly  superficial  below 
the  axillary  space,  on  the  side 
wall  of  the  chest,  where  its  y 
slips  of  origin  are  seen  inter-  ^<^-*^ 
digitating  with  those  of  the 
obHquus  externus  abdominis. 
Higher  up  it  forms  the  inner 
wall  of  the  axilla,  and  is  in 
contact  with  the  pectoral  muscles 
in  front  and  the  subscapularis 
behind.  Its  upper  border  ap- 
pears in  the  floor  of  the  pos-  ^^r^ 
terior  triangle,  and  over  it  the  c^3f*^t^ 
axillary  artery  and  the  cords  . 
of  the  brachial  plexus  pass  in 
their  course  through  tlie  aimpit. 
The  lower  border  is  oblique, 
and  is  in  contact  with  the 
latissimus  dorsi  muscle.  The 
deep  surface  of  the  muscle  is 
in  contact  with  the  chest  wall, 
so  that  the  serratus  magnus 
along  with  the  subscapularis 
muscle  separates  the  scapula 
from  the  ribs.  The  muscle  may 
extend  higher  than  usual,  so 
as  to  be  continuous  in  the  neck 
with  the  levator  anguli  scapulae. 
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Nerve-Supply. 

Tlie  nerves  siij^^^lying  tlie  muscles  connecting  the  upper  limb  to  the  trunk  are  given  in  the 
following  table  : — 


Muscles. 


Trapezius 

Latissimus  dorsi 

Levator  scapulae 

Rhomboidei 

Pectorales 

Subclavius 
Serratus  maf?nus 


Nerves. 


/  Spinal  accessory  nerve 
I  Cervical  plexus 

Long  subscapular 
/Cervical  j^lexus 
I  Posterior  scapular 

Posterior  scapular 
/External  anterior  thoracic 
llnternal       „  „ 

Brachial  plexus 

Posterior  thoracic 


Origin. 


Spinal 

C.  3. 

C.  6. 

C.  3. 

C.  5. 

C.  5. 

C.  5. 

C.  8. 

C.  5. 

C.  5. 


Cord  ^  CiijW^ 
4. 

7.  8. 

4. 


6.  7. 

T.  1. 
6. 

6.  7. 


Actions. 

The  muscles  of  tliis  group  (together  with  the  sterno-cleido-mastoid  and  omohyoid  muscles)  act 
for  the  most  part  in  the  movements  of  the  shoulder  girdle  at  the  sterno-clavicular  and  acromio- 
clavicular joints.  At  the  former  joint  they  produce  the  various  movements  of  the  clavicle  on  the 
sternum,  and  cause  the  shoulder  to  move  in  an  arc  the  centre  of  which  is  the  sterno-clavicular  joint. 
At  the  acromio-clavicidar  articulation  they  produce  a  rotation  of  the  scapula  on  the  clavicle,  and  a 
consequent  alteration  in  the  direction  of  the  glenoid  fossa.  At  the  same  time  the  several  muscles 
are  agents  in  other  equally  important  movements,  when  the  shoulder  girdle  is  fixed  ;  movements 
of  the  liead  and  neck  ;  movements  of  the  trunk  and  ribs ;  and,  in  addition  in  the  case  of  the 
pectoi'alis  major  and  latissimus  dorsi,  important  movements  of  the  arm  at  the  shoulder-joint. 

1.  Movements  of  the  Shoulder  Girdle. — The  action  of  this  group  of  muscles  on  the  shoulder 
girdle  (mainly  corresjjonding  to  movements  at  the  sterno-clavicular  joint)  may  be  exjDressed  in 
the  following  table  : — 


a.  Movement  in  a  Vertical  Plane. 

6.  Movement  in  a  Horizontal  Plane. 

Elevation. 

Depression. 

Forwards. 

Backwards. 

Trapezius  (upper 

fibres) 
Levator  sca^^ulae 
Rhomboidei 
Sterno-mastoid 
Omohyoid 

Trapezius  (lower 

fibres) 
Subclavius 
Pectoralis  minor 
Latissimus  dorsi 
Pectoralis  major 

(lower  fibres) 

Serratus  magnus 
Pectoralis  major 
Pectoralis  minor 

Trapezius 
Rhomboidei 
Latissimus  dorsi 

j         c.  Rotation — a  combination  of  these 
j  muscles. 

2.  Movements  of  the  scapula  on  the  clavicle  produce  an  alteration  of  the  direction  of  the 
glenoid  fossa  of  the  sca2)ula,  and  are  accompanied  by  movements,  inwards  or  outwards,  forwards 
or  backwards,  of  the  inferior  angle  of  the  scapula.  By  the  combined  action  of  the  muscles 
acting  upon  the  shoulder  girdle  a  rotatory  movement  of  the  scapula  at  the  acromio-clavicular 
joint  is  effected,  by  which  the  relation  of  the  glenoid  fossa  to  the  head  of  the  humerus  is  j)reserved 
in  movements  of  the  arm. 

3-  In  forced  inspiration,  the  sterno-mastoid,  trapezius,  levator  scapulte,  rhomboidei,  sub- 
clavius, omohyoid,  serratus  magnus,  pectoral  muscles,  and  latissimus  dorsi,  acting  together,  raise 
and  fix  the  shoulder  girdle  ;  while  those  of  them  which  have  costal  attachments — subclavius, 
pectoral  muscles,  serratus  magnus,  and  latissimus  dorsi,  simultaneously  elevate  the  ribs  and 
expand  the  thorax. 

4.  Lateral  flexion  and  rotation  of  the  spine  in  the  neck  is  eftected  partly  by  the  action  of 
the  trapezius,  levator  scapulae,  and  rhomboid  muscles  (with  the  shoulder  fixed).  The  latissimus 
dorsi  and  pectoralis  major  act  in  climbing  in  a  similar  way,  raising  uj)  the  trunk  towards  the 
shoulder. 

5.  Action  on  the  Upper  Limb. — By  reason  of  their  insertion  into  the  humerus  the  pectoralis 
major  and  latissimus  dorsi  muscles  assist  the  movements  of  the  upper  limb.  Acting  together,  the 
two  muscles  depress  the  shoulder,  and  draw  the  arm  to  the  side  of  the  body,  at  tlie  same  time 
rotating  the  humerus  inwards.  The  two  parts  of  the  pectoralis  major  have  slightly  different 
actions  on  the  humerus.  The  clavicular  part  of  the  muscle  {fortio  attollens)  draws  the  arm  in- 
wards and  upwards  ;  the  cos  to -sternal  part  of  the  muscle  {portio  deprimens)  draws  it  inwards  and 
downwards.  The  latissimus  dorsi  acting  alone,  besides  rotating  the  limb,  draws  it  inwards  and 
backwards,  as  in  the  act  of  swimming. 
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FASCIA  AND  MUSCLES  OF  THE  SHOULDEK. 

The  deep  fascia  covering  the  scapular  muscles  presents  no  feature  of  special 
importance.  Attached  to  the  clavicle,  acromion,  and  scapular  spine,  it  is  thin  over 
the  deltoid  muscle.  Below  the  deltoid  it  is  thicker ;  it  encases  and  gives  origin  to 
the  infraspinatus  muscle,  and  is  continuous  with  the  fasciae  of  the  axilla  and  the 
back. 

Muscles. 

The  muscles  proper  to  the  shoulder  comprise  the  deltoid,  supraspinatus,  infra- 


LeVATOR  ANGULI  SCAPUL/ii 


Trapezius 


Dorsal  scapular 
artery  (branch  of)" 

Teres  major 


Latissimus  dorsi 


Supraspinatus 
Scapular  spine  (cut) 

Infraspinatus 

 Teres  minor 

 Nerve  to  teres  minor 

u_/  ,  Circumflex  nerve  and 

artery 

Deltoid  (reflected) 

Cutaneous  branch 
of  circumflex 
Triceps  (outer 
head) 

CEPS  (long  head) 
^Musculo-spiral  nerve 

Triceps  (outer  head) 
Brachialis  anticus 

l1  ^Triceps  (inner  head) 

 External  intermuscular 

septum 

I'^l-  \  External  cutaneous  branches 

K  f  of  musculo-spiral  nerve 


Brachio-radialis 


Extensor  carpi  radialis 

LONGIOR 


Extensor  muscles  of  fore- 
arm (common  tendon) 


spmatus,  teres  minor,  teres  major, 
and  subscapularis.  They  sur- 
round, and  along  with  other 
muscles,  act  on  the  shoulder- 
joint. 

The  deltoid,  a  coarsely  fasci- 
culated, multipennate  muscle, 
has  an  extensive  origin  from 
(1)  the  front  of  the  clavicle  in 
its  outer  third  (Figs.  248,  p. 
324,  and  243,  p.  319);  (2)  the 
outer  border  of  the  acromion 
process ;  (3)  the  lower  edge  of 
the  free  border  of  the  spine  of 
the  scapula  (Figs.  254,  p.  330,  and  250,  p.  325) ;  and  (4)  from  the  deep  fascia  cover- 
ing the  infraspinatus  muscle.  Its  origin  embraces  the  insertion  of  the  trapezius. 
The  fibres  of  the  muscle  converge  to  the  outer  side  of  the  shaft  of  the  humerus,  to 
be  inserted  into  a  well-marked  V-shaped  impression  above  the  spiral  groove  (Figs. 
257  and  258,  p.  335).  The  insertion  is  partly  united  with  the-  tendon  of  the 
pcctoralis  major.  The  deltoid  is  superficial  in  its  whole  extent,  and  forms  the  prom- 


FiG.  251. — Deltoid  Region  and  Back  of  the  Arm. 
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inence  of  the  shoulder.  Its  anterior  border  is  separated  from  the  pectoralis  major 
by  a  narrow  interval,  in  wliich  the  cephalic  vein  and  humeral  artery  are  placed.  The 
deep  surface  of  the  muscle  is  separated  by  a  bursa  from  the  capsule  of  the  shoulder- 


Trapezius 

Clavicl(!  (cut) 
Coraco-clavicular  liganuiiits 
Pkctobalis  minor 
Coracoid  piocess 
Coraco-acromial  ligaiiKMil 
Circumflex  artery 

Circumflex  nerve  I'l 
^1 


Deltoid j  M  ^. 

Long  head  IT  \^  ''VP' 

OF  biceps'    7i — ^I'-'W        1  B  ' 


Pectoralis  MA.JOTi__ 

CORACO- 
BRACHIALIS 


Posterior  cord  of  brachial 
plexus 

Sliort  subscapular  nerve 
Long  subscapular  nerve 
Lower  subscapular  nerve 

.  SeRRATUS  MAGNUS 

^  Dorsal  scapular  artery 

SUBSCAPULARIS 
'      "  k*  ^TeRES  MAJOR 


Latissimus  dorsi 


Biceps 


/  Short  head 
I  Long  head 


Musculo-cutaneous 


Brachialis  anticus 


Musculo-spiral  nerve— — 


Brachio-radialis 
Biceps  (cut) 
Extensor  carpi 
radialis  longior 


Posterior  interosseous 
nerve 
Radial  nerve 

Supinator  radii  brevis 


Internal 

cutaneous  branch 
of  musculo-spiral 
nerve 


Tbiceps  (long  head) 

Nerve  to  inner  head  of 
triceps  (ulnar  collateral) 


joint  and  the  tendons  inserted 
into  the  tuberosities  of  the 
humerus.  It  is  related  to  (1)  the 
coracoid  process,  associated  with 
which  are  the  coraco  -  acromial 
ligament,  and  the  attachments  of 
the  pectoralis  minor,  the  coraco- 
brachialis  and  the  short  head  of 
the  biceps ;  (2)  with  the  capsule 
of  the  shoulder -joint  covering  the 
head  of  the  humerus,  associated 
with  which  are  the  long  head  of  the 
biceps,  and  the  attachments  of  the 
subscapularis,  supraspinatus,  infra- 
spinatus, and  teres  minor  ;  and  (3) 
with  the  upper  part  of  the  external 
surface  of  the  shaft  of  the  humerus, 
associated  with  which  are  the  cir- 
cumflex vessels  and  nerve.  The 
most  anterior  part  of  the  deltoid 
muscle  is  formed  of  parallel  fibres, 
not  uncommonly  separate  from  the 
rest  of  the  muscle  at  their  origin 
from  the  clavicle.  These  fibres  may 
be  continuous  with  the  trapezius 
The  most  posterior  part  arises  by  a  fascial  origin  from  the  spine 

These  portions  are 
The 


Fig.  252. — The  Posterior  Wall  of  tee  Axilla  and  the 
Front  of  the  Arm  (the  biceps  being  divided). 


over  the  clavicle 

of  the  scapula  and  the  fascia  over  the  infraspinatus  muscle, 
attached  respectively  to  the  front  and  back  of  the  main  tendon  of  insertion, 
intermediate  fibres  are  multipennate,  attached  above  and  below  to  three  or  four 
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septal  tendons,  which  extend  for  a  variable  distance  from  the  origin  and  insertion 
of  the  muscle. 

The  supraspinatus  arises  by  fleshy  fibres  from  the  supraspinous  fossa  (except 
near  the  neck  of  the  bone)  and  from  the  deep  fascia  over  it  (Fig.  254,  p.  330). 
It  is  directed  outwards  under  the  acromion  process  and  coraco-acromial  ligament 
to  be  inserted  by  a  broad  thick  tendon  into  the  uppermost  facet  on  the  great 
tuberosity  of  the  humerus,  and 
into  the  capsule  of  the  shoulder- 
joint  rFig.  253,  p.  329). 

The  muscle  is  entirely  con- 
cealed from  view  by  the  trapezius, 
the  acromion  process,  and  the 
deltoid  muscle.  It  covers  the 
neck  of  the  scapula,  the  supra- 
scapular vessels  and  nerves,  and 
the  upper  surface  of  the  capsule 
of  the  shoulder-joint. 

The  infraspinatus  arises  from 
the  iufraspinous  fossa  of  the 
scapula  (excepting  near  the  neck 
of  the  bone  and  the  fiat  surface 
along  the  axillary  border)  and 
from  the  thick  fascia  over  it 
(Fig.  254,  p.  330).  The  fibres  of 
the  muscle  converge  to  the  neck 
of  the  scapula ;  and  are  inserted 
by  tendon  into  the  middle  facet 
on  the  great  tuberosity  of  the 
humerus,  and  into  the  capsule 
of  the  shoulder-joint  (Fig.  258, 
p.  335).  A  bursa  separates  the 
muscle  from  the  neck  of  the 
scapula,  and  in  a  minority  of 
cases  communicates  with  the 
synovial  cavity  of  the  shoulder- 
joint. 

The  upper  part  of  the  muscle 
is  hidden  from  view  by  the  del- 
toid. Its  lower  part  is  super- 
ficial, and  its  outer  border  is  in 
contact  with  the  teres  minor. 
Near  its  insertion  it  crosses  the 
neck  of  the  scapula  and  the 
back  of  the  capsule  of  tlie 
shoulder-joint. 

The  teres  minor  is  a  small 
muscle,  arising  by  fleshy  fibres 
from  the  upper  two- thirds  of  the 
fiat  surface  on  the  dorsal  aspect 
of  the  axillary  border  of  the 
scapula,  and  from  fascial  septa 

separating  it  from  the  infraspinatus  and  teres  major  muscles  (Fig.  254,  p.  330). 
Lying  alongside  the  outer  border  of  the  infraspinatus,  it  is  inserted  under  cover 
of  the  deltoid  by  a  thick  flat  tendon  into  the  lowest  of  the  three  facets  on  the 
great  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder-joint,  and 
by  fleshy  fibres  into  the  posterior  aspect  of  the  surgical  neck  and  shaft  of  the 
humerus,  below  the  tuberosity  for  about  an  inch  (Fig.  258,  p.  335).  It  is 
separated  from  the  teres  major  by  the  scapular  head  of  the  triceps,  and  by  the 
posterior  circumflex  vessels  and  the  circumflex  nerve.  Its  origin  is  pierced  by 
23 
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the  dorsal  scapular  artery.    The  muscle  is  invested  by  the  deep  fascia  enclosing  the 
infraspinatus,  and  is  sometimes  inseparable  from  that  muscle. 

The  teres  major  is  much  larger  than  the  preceding  muscle.  It  arises  by  fleshy 
fibres  from  the  lower  third  of  the  flat  surface  on  the  dorsum  of  the  scapula  along  its 
axillary  border  (except  for  a  small  area  at  the  lower  angle),  and  from  fascial  septa, 
which  separate  it  on  the  one  side  from  the  subscapularis,  and  on  the  other  from  the 
infraspinatus  and  teres  minor  (Fig.  254,  p.  330).  The  muscle  is  directed  along 
the  axillary  border  of  the  scapula  to  the  front  of  the  shaft  of  the  humerus,  where 
it  is  inserted  by  a  broad  flat  tendon  into  the  inner  border  ofthe  bicipital  groove 
internal  to  the  latissimus  dorsi  muscle  (Fig.  257/?^  335)r_  TusTbefore  its  insertion 
it  is  closely  adherent  to  the  tendon  of  the  latissimus  dorsi. 

The  teres  major  helps  to  form  the  posterior  wall  of  the  axilla.  It  lies  below 
the  subscapularis,  and  is  in  close  relation  with  the  latissimus  dorsi  muscle,  which 

conceals  its  origin  pos- 
teriorly, winds  round  its 
outer  border,  and  partially 
separates  its  anterior  sur- 
face from  the  axillary 
vessels  and  nerves.  The 
muscle  forms  the  lower 
boundary  of  a  large  tri- 
angular interval,  bounded 
externally  on  the  posterior 
wall  of  the  axilla  ^y^JtJ^e^ 
surg^iiSil.  -  neck  .  of  the 
humerus,  and  above  by 
the  borders  of  the  sub- 
scapularis and  teres  minor 
muscles.  The  long  head 
of  the  triceps  passes  behind 
the  teres  major  and  sub- 
divides this  space  into 
)two,  a  quadrilateral  space 
/limited  by  the  triceps  and 
surgical  neck  of  the 
humerus  for  the  passage 
of  the  circumflex  nerve 
and  posterior  circumflex 
vessels,  and  a  smaller  tri- 
angular space  bounded  by 
the  triceps,  subscapularis, 
Latissimus  .lorsi  (origin)  an^l  tcrcs  major,  for  the 

Fig.  254. — Muscle- Attachments  to  the  Scapula  (Posterior  Surface).      dorsal  SCapular  artery. 

The  subscapularis 

is  a  large  triangular  muscle  occupying  the  venter  of  the  scapula.  It  arises 
by  fleshy  fibres  from  the  whole  of  the  subscapular  fossa  and  the  groove  along 
the  axillary  border,  excepting  the  surfaces  at  the  angles  of  the  bone  (Fig.  250, 
p.  325).  Springing  from  several  ridges  in  the  fossa  are  septa  projecting  into 
the  substance  of  the  muscle,  which  increase  the  extent  of  its  attachment.  Con- 
verging to  the  head  of  the  humerus,  the  muscular  fibres  are  inserted  by  a  broad,  thick 
tendon  into  the  lesser  tuberosity  of  the  humerus  and  into  the  capsule  of  the  shoulder- 
joint,  and  by  fleshy  fibres  into  the  surgical  neck  and  the  shaft  of  the  humerus 
below  the  tuberosity  for  about  an  inch,  under  cover  of  the  coraco-brachialis  and 
short  head  of  the  biceps  (Fig.  257,  p.  335).  This  muscle  forms  the  greater  part  of 
the  posterior  wall  of  the  axilla.  Its  inner  or  anterior  surface  is  in  contact  with  the 
serratus  magnus  and  the  axillary  vessels  and  nerves.  Its  deep  surface  is  separated 
from  the  neck  of  the  scapula  by  a  bursa,  which  is  in  direct  communication  with  the 
synovial  cavity  of  the  shoulder-joint.  Its  upper  border  passes  beneath  the  coracoid 
process ;  its  outer  border  is  separated  from  the  teres  major  by  the  posterior  circum- 
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flex  vessels  and  the  circumflex  nerve,  the  long  head  of  the  triceps  muscle,  and  the 
dorsal  scapular  artery. 

The  subscapularis  minor  is  an  occasional  muscle  situated  Ijelow  the  capsule  of  the  shoulder- 
joint.  It  arises  from  the  axillary  border  of  the  scapula  below  the  subscapularis,  and  is  inserted 
into  the  capsule  of  the  joint  or  the  upper  part  of  the  shaft  of  the  humerus. 

Nerve -Supply. 

The  muscles  of  this  group  are  all  supplied  by  the  tifth  and  sixtli  cervical  nerves,  through 
nerves  arising  from  posterior  trunks  of  the  brachial  plexus. 


Muscles. 

Nerves. 

Origin. 

Deltoid  ) 
Teres  minor  / 
Suj^raspinatus  ) 
Infraspinatus  / 
Teres  major 
Subscapularis 

Circumflex 

Suprascaj)ular 

Lower  subscapular 

Lower  and  upj)er  subscapular 

^  C.  5.  6. 

Actions. 

The  principal  action  of  this  group  of  muscles  is  on  the  shoulder-joint.  They  have  also 
:secondary  actions  in  relation  to  movements  of  the  trunk  and  limbs. 


1.  Movements  at  the  Shoulder -Joint. 


a.  Abduction. 

Adduction. 

h.  Flexion  (Forwards). 

Extension  (Backwards). 

Deltoid 
Supraspinatus 

Teres  major 
Teres  minor 
Pectoralis  major 
Latissimus  dorsi 
Coraco-brachialis 
Biceps  (short  head) 
TricejDS  (long  head) 
(Weight  of  limb) 

Deltoid  (anterior  fibres) 
Subscapularis 
Pectoralis  major 
Coraco-brachialis 
BicejDs 

Deltoid  (posterior  fibres) 
Teres  major 
Infraspinatus 
Latissimus  dorsi 
Triceps 

c.  Rotation  Outwards. 

Rotation  Inwards. 

Deltoid  (posterior  fibres) 
Infraspinatus  - 
Teres  minor 

Deltoid  (anterior  fibres) 
Teres  major 
Pectoralis  major 
Latissimus  dorsi 

d.  Circumduction — combination  of  j)revious  muscles. 

The  various  movements  at  the  shoulder-joint  are  greatly  aided  by  the  muscles  acting  on  the 
shoulder  girdle.  In  raising  the  arm  above  the  head,  for  instance,  the  humerus  is  brought  to  the 
horizontal  position  by  the  deltoid  and  supraspinatus,  and  the  movement  is  continued  by  the 
elevators  of  the  shoulder  girdle.  Again,  in  forward  and  backward  movements  at  the  shoulder- 
joint,  great  assistance  is  derived  from  muscles  acting  directly  on  the  shoulder  girdle — pectoralis 
minor  and  serratus  magnus  ;  trapezius  and  rhomboidei. 

2.  In  relation  to  the  trunk  and  limbs,  the  shoulder  muscles,  by  fixing  the  humerus,  have 
auxiliary  power  on  the  one  hand  in  movements  of  the  trunk,  such  as  forced  inspiration  ;  on  the 
other  hand,  acting  along  with  muscles  fixing  the  elbow-joint,  they  stiffen  the  limb  so  as  to 
j)ermit  of  the  more  refined  movements  of  the  wrist  and  fingers. 
23  ci 
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EASCIyE  AND  MUSCLES  OE  THE  ARM. 
FASCI.E. 

The  superficial  fascia  presents  no  features  of  importance.  There  is  a  bursa  | 
beneath  it  over  the  olecranon  process,  and  occasionally  another  over  the  inneril 
condyle  of  the  humerus. 

The  deep  fascia  forms  a  strong  tubular  investment  for  the  muscles  on  the  front 
and  back  of  the  humerus.  It  is  continuous  above  with  the  deep  fascia  of  the 
shoulder  and  axilla,  and  is  further  strengthened  by  fibres  derived  from  the  insertions 
of  muscles  attached  to  the  upper  part  of  the  humerus,  viz.,  from  the  pectoralis  major, 
latissimus  dorsi,  and  deltoid.  At  the  elbow  it  becomes  continuous  with  the  deep 
fascia  of  the  forearm,  and  gains  attachment  to  the  condyles  of  the  humerus  and 
the  olecranon  process  of  the  ulna;  it  is  strengthened  also  by  important  bands 
associated  with  the  insertions  of  the  biceps  in  front  and  the  triceps  behind,  to  which 
reference  will  be  made  in  the  account  of  these  muscles. 

About  the  middle  of  the  upper  arm  in  front  of  tlie  inner  border,  the  deep  fascia 
is  perforated  for  the  passage  of  the  basilic  vein  and  the  internal  cutaneous  nerve. 

The  intermuscular  septa  are  processes  of  the  deep  fascia  attached  to  the 
supracondyloid  or  epicondylic  ridges  of  the  humerus.  The  internal  and  stronger 
septum  is  placed  between  the  brachialis  anticus  in  front  and  the  inner  head  of  the 
triceps  behind,  and  gives  origin  to  both.  It  extends  upwards  to  the  insertion  of 
the  coraco-brachialis  (which  is  often  continued  into  it),  and  the  ulnar  nerve  and 
inferior  profunda  vessels  pass  down  over  its  inner  ed^e-  The  external  septum  is 
thinner.  It  separates  the  brachialis  antic'iis  and  brachio-radialis  in  front  from 
the  inner  and  outer  heads  of  the  triceps  behind,  and  gives  origin  to  these  muscles. 
It  extends  upwards  to  the  insertion  pf  the  deltoi^  and  is  pierced  by  the  musculo- 
spiral  nerve  and  superior  profunda  vessels. 

MUSCLES. 

The  coraco-brachialis  is  a  rudimentary  muscle  placed  on  the  front  and  inner 
aspect  of  the  arm.  It  arises  in  common  with  the  short  head  of  the  biceps  from 
the  tip  of  the  coracoid  process  of  the  scapula  (Fig.  250,  p.  325),  and  is  commonly 
connected  at  its  origin  with  the  insertion  of  the  pectoralis  minor.  The  origin  of 
the  muscle  is  by  fleshy  fibres  attached  (1)  to  the  tip  of  the  coracoid  process  below 
and  internal  to  the  biceps  tendon,  and  (2)  to  the  tendon  of  the  biceps  itself.  The 
muscle  is  partially  subdivided  into  two  parts  by  the  musculo-cutaneous  nerve,  and 
ends  in  a  flat  tendon  inserted  into  a  faint  linear  impression  about  an  inch  in  length 
Oa^Uie^  middle  of  the  inner  border  of  the^sKaft  of  the  humerus  (Eig.  257,  p.  335). 
It  is  often  continued  into  the  internal  intermuscular  septum7^'^ 

The  muscle  lies  on  the  inner  side  of  the  biceps,  and  is  concealed  at  first  by  the 
deltoid  and  pectoralis  major.  In  the  lower  part  of  its  extent  it  is  superficial,  and 
forms  a  swelling  beneath  the  skin  on  the  inner  side  of  the  arm  which  serves  as  a 
guide  to  the  axillary  and  brachial  arteries. 

The  coraco-brachialis  is  the  remains  of  a  threefold  muscle^  of  wliich  only  two  elements  are 
usually  present  in  man,  hut  of  wliich  m  anomalous  cases  all  the  parts  may  be  more  or  less  fully 
developed.  The  passage  of  the  musculo-cutaneous  nerve  through  the  muscle  is  an  indication  of 
its  natural  sej^aration  into  two  parts,  which  represent  the  persistent  middle  and  inferior  elements. 
The  commonest  variety  is  one  in  which  the  more  sujoerficial  (inferior)  part  of  the  muscle  extends 
farther  down  the  arm  than  usual,  so  as  to  be  inserted  into  the  internal  intermuscular  septum,  or  even 
into  tlie  internal  condyle  of  the  humerus.  A  third  slip  (coraco-brachialis  superior  or  brevis, 
rotator  humeri)  may  more  rarely  be  jDreseiit,  forming  a  short  muscle  arising  from  the  root  of  the 
coracoid  process,  and  inserted  into  the  inner  side  of  the  humerus  just  below  the  capsule  of  the 
sjioulder-j  oiiit. 

The  biceps  (m.  biceps  brachii)  is  the  large  superficial  muscle  which  lies  on  the 
front  of  the  upper  arm.  It  arises  by  two  tendinous  heads.  ( 1)  The  short  head  (caput 
breve)  is  attached  in  common  with  the  coraco-brachialis  to  the  tip  of  the  coracoid 
process  of  the  scapula  (Eig.  250,  p.  325).  Tendinous  at  first,  this  head  forms  a  separ- 
ate fleshy  belly,  \vhichkmiited  Lo  thejong  he^^d-by  an  iny^estment^on^he  deepfascia. 
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Median  nerve 
(inner  head) 

Ulnar  nerve 


(2)  The  long  head  (caput  loiigum)  arises  by  a  rouncLl£ndQS_irom  the  supra-gienoid 
impression  at  the  root  of  the  coracoicl  process  and  irom  the  glenoid  ligament  on 
either  side.  Its  tendon 
traverses  the  cavity  of  the 
shoulder-joint,  and  emerging 
from  the  capsule  beneath 
the  transverse  ligament  (in- 
vested by  a  prolongation  of 
the  synovial  membrane),  it 
occupies  the  bicipital  groove 
of  the  humerus,  covered  by 
a  fascial  prolongation  of  the 
tendon  of  the  pectoralis 
major.  In  the  upper  arm 
it  forms  a  fleshy  belly  united 
to  that  derived  from  the 
short  head  b^^n^eny^ope 
of  deep  Hscia. 

The  insertion  of  the  muscle 
is  likewise  twofold.  (1)  The 
two  bellies  become  connected 
with  a  strong  tendon,  at- 
tached deeply  in  the  hollow 
of  the  elbow  to  the  rough 
postaiiD£_-..portioj:i  of  the 
bicipital  tubercle 
radius  (Figs.  264, 
and  271,  p.  351). 
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-Semilunar  fascia  of  biceps 


Pronator  radii  teres 


Deep  fascia  of  forearm 


Flexor  carpi  badialis 


—  Palmaris  longus 


Flexor  carpi  ulnaris 


the 
343, 
bursa 

separates  the  tendon  from 
the  anterior  portion  of  the 
tubercle.  (2)  From  the  inner 
and  anterior  part  of  the 
tendon,  and  partly  in  con- 
tinuity with  the  fleshy  fibres 
of  the  muscle,  a  strong  mem- 
hranous  hand  (the  semilunar 
or  bicipital  fascia)  extends 
dowmwards  and  inwards  over 
the  hollow  of  the  elbow  to  join 
the  deep  fascia  covering  the 
origins  of  the  flexor  and  pro- 
nator muscles  of  the  forearm. 
Its  upper  part  is  thickened 
andean  be  felt  subcutaneously 
as  a  ere  seen  tic  border. 

Except  at  its  origin  and 
insertion  the  biceps  muscle 
is  placed  superficially  on  the 
front  of  the  arm,  concealing 
the  brachialis  anticus  muscle 
and  the  musculo-cutaneous 
nerve.  The  brachial  artery 
and  median  nerve  lie  along 
its  inner  border.  The  origin 
of  the  muscle  is  deeply  placed 
under  cover  of  the  deltoid 
and  pectoralis  major.  The  tendon  of  insertion  in  the  hollow  of  the  elbow  lies 
beneath  the  end  of  the  brachial  and  the  beginning  of  the  radial  artery.  The 
bicipital  fascia  separates  the  brachial  artery  from  the  median  basilic  vein. 


Flexor  sublimis  digitorum 

Flexor  longus  pollicis 

-Pronator  quadratus 
-Ulnar  artery 


-Ulnar  nerv( 


Fig.  255. 


-Superficial  Muscles  on  the  Front  op  the  Arm 
AND  Forearm. 
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Trapezius 


Infraspinatus 


Teres  major 


Tlie  biceps  is  an  extremely  variable  muscle.  Its  cliief  anomalies  are  due  to  an  increase  or 
diminution  in  the  number  of  origins.    A  third  head  of  origin  is  common  (10  j^er  cent),  and 

usually  arises  from  the  humerus,  between  tlie 
insertions  of  the  deltoid  and  coraco-brachialis. 
Two  or  even  three  additional  heads  may  l^e 
J) resent  at  the  same  time.  The  long  head  of 
the  muscle  may  be  absent,  or  may  take  origin 
from  the  bicijDital  groove.  The  muscle  may 
have  an  additional  insertion  into  the  internal 
condyle  of  the  humerus,  or  into  the  fascia  of 
the  forearm. 


The  brachialis  anticus  (m.  brachi- 
alis)  is  a  large  miibcle  arising  from 
the  lower  two- thirds  of  the  front  of 
the  shaft  of  the  hnmerus,  and  from 
the  inter -muscular   septum  on  each 
side   (Figs.    257    and    258,   p.  335). 
Clasping  the  insertion  of  the  deltoid 
above,  it  ends  below  in  a  strong  tendon 
inserted  into  the  rough  inferior  surface 
of  the  coronoid  process  of  the  ulna  and 
into  the  anterior  surface  of  the  shaft  of 
the  bone  immediately  below  (Tig.  264, 
p.  343).    A  few  of  the  deep  fibres  are 
inserted  into  the  anterior  ligament  of, 
the  elbow-joint.    The  outer  part  of  the 
muscle  arising  from  the  external  epi- 
condylic  ridge  and  external  intermus-y 
cular  septum  forms  a  slip  more  or  less^ 
separate,  which  may  be  partially  fused, 
with  the  brachio-radialis  muscle. 

The  brachialis  anticus  is  almost 
wholly  concealed  from  view  by  the 
biceps  in  front,  the  brachio-radialis 
externally,  and  the  brachial  vessels  in- 
ternally. It  covers  the  elbow-joint,  and 
forms  part  of  the  lloor  of  the  hollow 
of  the  elbow.  It  is  separated  from  the 
brachio-radialis  and  extensor  muscles 
of  the  carpus  by  the  musculo  -  spiral 
nerve. 

The  triceps  (ni.  triceps  brachii)  is 
the  only  muscle  on  the  back  of  the 
arm.  It  arises  by  three  heads:  an  outer 
and  an  inner  head,  from  the  humerus, 
and  a  middle  or  long  head  from  the 
scapula.  (1)  The  middle,  long  or  scapular 
head  (caput  lougum)  begins  as  a  strong 
tendon  attached  to  a  rough  triangular 


ptiini 
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surface  on  the  axillary  border  of  the 
scapula  just  below  the  glenoid  fossa 
(Figs.  254,  p.  330,  and  250,  p.  325). 
This  gives  rise  to  a  fleshy  belly  which 
occupies  the  middle  of  the  back  of  the 
arm.  (2)  The  outer  head  (caput  laterale) 
is  attached  by  fibres,  partly  tendinous 
and  partly  fleshy,  to  the  curved  outer 
border  of  the  humerus  from  the  insertion  of  the  teresjminor  above  to  the  musculo- 
spiral  groove  below,  and  receives  additional  fib^eT^WonT  the  back  of  the  external 
intermuscular  septum  (-Fig.  258,  p.  335).    This  origin  is  thick  above  and  becomes 


■The  Muscles  on  the  Back  of  the 
Arm,  Forearm,  and  Hand. 
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linear  below.  Its  fibres  are  directed  downwards  and  inwards  over  the  musculo-spiral 
groove  and  the  inner  head  of  the  muscle  to  the  tendon  of  insertion  (3)  The  inner 
head  (caput  mediale)  arises  by  fleshy  fibres  from  an  elongated  triangular  area  on  the 
back  of  the  humerus,  extending  upwards  to  the  level  of  the  insertion  of  the  teres 
m^r  on  the  inner  side,  and  downwards  nearly  to  the  margin  of  the  olecranon  fossa. 
(Fig.  258,  p.  335).    Externally  it  is  Hmited  above  by  the  musculo-spiral  groove  : 
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Fig.  257. — Muscle- Attachments  to  the  Front  of 
THE  Humerus. 


Fig.  258. 


-Muscle-Attachments  to  the  Back 
of  the  ijumerus. 


and  below  it  extends  downwards  on  either  side  of  the  olecranon  fossa  almost  to 
the  condyles  of  the  humerus.  It  also  arises  on  each  side  froih  the  intermuscular 
septa, — from  the  whole  length  of  the  internal  septum,  and  from  the  part  of  the 
external  septum  which  is  below  the  passage  of  the  musculo-spiral  nerve. 

The  three  heads  of  origin  are  inserted  by  a  common  tendon,  broad  and  membranous, 
into  an  impression  occupying  the  posterior  part  of  the  upper  end  of  the  olecranon  . 
process  of  the  ulna  (Fig.  271,  p.  351),  and  into  the  Hpftp  faspip.  of  the  forearm  t^^^^-/^^*^ 
on  either  side  of  it.    The  lonj?  and  outer  heads  ioin  the  borrlers  of  the  tendon  nf 
"^—^Sh    ^  —  w-^=r:±^-  ^cu^ 
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insertion,  and  the  inner  head  is  attached  to  its  deep  surface.  A  small  thick-walled 
bursa  separates  the  tendon  of  the  triceps  from  the  posterior  ligament  of  the  elbow- 
joint  and  the  anterior  part  of  the  upper  end  of  the  olecranon  process. 

The  long  head  of  the  triceps  is  concealed  at  first  by  the  teres  major  and  teres 
minor,  and  by  the  deltoid  muscle.  Along  with  the  outer  head  it  conceals  the  musculo- 
spiral  nerve  and  superior  profunda  artery,  and  covers  the  inner  head  of  the  muscle. 
The  inner  is  the  deep  head,  and  is  only  visible  at  the  lateral  borders  of  the  muscle. 

Tlie  subanconeus  is  a  small  muscle  occasionally  present,  which  consists  of  scattered  fibres 
arising  from  the  lower  end  of  tlie  liumerus  beneath  tlie  triceps,  and  inserted  into  tlie  posterior 
ligament  of  the  elbow-joint. 

Nerve-Supply. 
The  following  nerves  supply  the  muscles  of  the  arm  : — 


Muscles. 

Nerves. 

Origin. 

Coraco-bi-achialis  -\ 

Biceps                 I  . 

Bracliialis  anticusj 

Brachial  is  anticus 

Triceps  | 
Outer  head  j" 
Middle  and  inner  heads  j 

Musculo-cutaneous 
Musculo-spira] 

rC.  7. 
\  C.    5.  6. 
ic.    5.  6. 

rC.  (5)  6. 
-  C.  (6)    7.  8. 
\  C.    7.  8. 

Actions. 

(1)  The  chief  action  of  these  muscles  (excepting  the  coraco-brachialis)  is  on  the  elbow-joint, 
producing  along  with  other  muscles  flexion  and  extension.  The  flexor  muscles  are  much  more 
powei-ful  than  the  extensors. 


Table  of  Muscles  acting  on  the  Elbow-Joint. 


Flexors. 

Extensors. 

Biceps 

Bracliialis  anticus 
Bracliio-radialis 
P]'onator  radii  teres 
Flexors  of  wrist  and  fingers 
Extensors  of  wrist  (in  pronation) 

Triceps 
Anconeus 

Extensors  of  wrist  and  fingers  (in  suj)ination) 

(2)  The  coraco-brachialis  muscle  acts  only  on  the  shoulder-joint,  assisting  the  biceps  as  an 
adductor  and  flexor  of  the  humerus. 

(3)  Subordinate  and  accessory  movements  are  performed  by  all  the  muscles  of  this  group 
except  the  bracliialis  anticus.  Tlie  biceps  supiiiates  the  forearm,  flexes  the  elbow,  and  with  the 
aid  of  the  coraco-brachialis  adducts  and  flexes  the  humerus  at  the  shoulder-joint.  The  triceps 
through  its  scapular  head  adducts  and  extends  the  humerus,  besides  extending  the  elbow-joint. 

FASCLE  AND  MUSCLES  OF  THE  FOEEAEM  AND  HAND. 

FASCI.E. 

The  superficial  fascia  in  the  forearm  presents  no  exceptional  features.  On 
the  dorsum  of  the  hand  it  is  loose  and  thin ;  in  the  palm  it  is  generally  well 
furnished  with  fat,  forming  piads  for  the  protection  of  the  vessels  and  nerves.  It  is 
closely  adherent  to  the  palmar  fascia  and  to  the  skin,  especially  along  the  lines  of 
flexure. 

The  palmaris  brevis  is  a  quadrilateral  subcutaneous  muscle  occupying  the 
inner  side  of  the  hand  under  the  superficial  fascia.  It  arises  from  the  inner  border 
of  the  thick  central  portion  of  the  palmar  fascia  and  from  the  front  of  the  anterior 
annular  ligament  of  the  wrist,  and  is  inserted  into  the  skin  of  the  inner  border  of 
the  hand  for  a  variable  distance.  It  covers  the  ulnar  artery  and  nerve,  branches 
of  which  supply  it.    Its  action  is  to  wrinkle  the  skin  of  the  inner  border  of  the 
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hand,  and  by  raising  np  the  skin  and  superficial  fascia,  to  deepen  the  hollow  of 
the  hand. 

The  deep  fascia  of  the  forearm  and  hand  is  continuous  above  with  the  deep 
fascia  of  the  arm.  At  the  upper  part  of  the  forearm  it  is  strengthened  by  additional 
fibres  around  the  elbow;  in  front  by  fibres  from  the  semilunar  fascia  of  the 
biceps,  behind  by  the  fascial  insertions  of  the  triceps,  and  laterally  by  fibres  derived 
from  the  humeral  ^    ^   ......  ^.     ,      ^  „  . 

,    ,       .  1  Collateral  digital  branches     Collateral  digital 

condyles  m  rela-  of  the  median  nerve      branches  of  the 

tion  to  the  com- 
mon tendons  of 
origin  of  the 
fiexor  and  ex- 
tensor muscles  of 
the  forearm.  It 
closely  invests 
and  gives  origin 
to  these  muscles. 
It  is  attached  to 
the  posterior 
border  of  the  ulna 
n  the  whole 
ength  of  thefore- 
larm,  and  affords 
increased  attach- 
ment to  the  flexor 
and  extensor 
carpi  ulnaris  and 
the  flexor  pro- 
fundus digit  or  um 
muscles.  Above 
jthe  wrist  the 
Ifescia  is  ^pierced-^ 

tegeriorly  by  the  tendon  of  thejpalniaris  loflgus,_and  by  the  ulnar  artery  and^rve. 
AtThe  wrist  it  gains  attachment  to  the  bones  of  the  forearm  and  carpus,  is  greatly 
strengthened  by  addition  of  transverse  fibres,  and  constitutes  the  annular  ligaments. 

The  anterior  annular  ligament  of  the  wrist  is  a  band  about  an  inch  and  a 
half  in  depth,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
the  palm  of  the  hand.  It  is  attached  to  the  scaphoid  and  trapezium  externally : 
to  the  pisiform  and  unciform  bones  internally ;  and  it  forms  a  membranous  arch 
binding  down  in  the  hollow  of  the  carpus  the  flexor  tendons  of  the  fingers  and  the 
median  nerve.  It  is  divided  into  hvo  compartments,  the  larger  accommodating  the 
tendons  of  the  flexors  of  the  digits  and  the  median  nerve,  the  smaller  (placed 
externally)  containing  the  tendon  of  the  flexor  carpi  radialis.  There  are  three 
synovial  memhranes  in  these  compartments :  one  for  the  flexor  carpi  radialis 
tendon,  and  two  others,  which  often  communicate  together,  enveloping  the  tendon 
of  the  flexor  longus  pollicis  and  the  flexor  tendons  of  the  fingers  respectively. 
The  surface  of  the  ligament  is  crossed  by  the  palmar  branches  of  the  median  and 
ulnar  nerves ;  by  the  tendon  of  the  palmaris  longus  muscle,  which  is  attached  to 
its  surface ;  and  by  the  ulnar  artery  and  nerve,  which  are  again  bridged  over  and 
protected  by  a  band  of  fibrous  tissue  passing  from  the  pisiform  bone  and  the 
superficial  fascia  to  the  surface  of  the  ligament.  To  the  lower  border  of  the 
ligament  are  attached  the  palmar  fascia  in  the  centre,  and  the  superficial  muscles 
of  the  thumb  and  the  muscles  of  the  little  finger  on  each  side. 

The  posterior  annular  ligament  of  the  wrist  is  placed  at  a  higher  level 
than  the  previous  ligament.  It  consists  of  an  oblique  band  of  fibres  about  an 
inch  broad,  continuous  above  and  below  with  the  deep  fascia  of  the  forearm  and 
hand.  It  is  attached  externally  to  the  outer  side  of  the  lower  end  of  the  radius, 
and  internally  to  the  lower  end  of  the  ulna  (styloid  process),  the  carpus,  and  the 
internal  lateral  ligament  of  the  wrist.    It  is  covered  by  veins,  by  the  radial  nerve, 


Fig.  259. — The  Palm  of  the  Hand  (Superficial  Dissection), 
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and  by  the  dorsal  branch  of  the  ulnar  nerve.  Six  compartments  are  formed 
beneath  it  by  the  attachment  of  septal  bands  to  the  lower  ends  of  the  radius 
and  ulna.  Each  compartment  is  provided  with  a  si/novial  mew^brane,  and  they 
serve  to  transmit  the  extensor  tendons  of  the  wrist  and  fingers  in  the  following 
order  from  without  inwards:—  /^^^-  atU,^ 

1.  Extensor  ossis  metacarpi  pollicis  and  extensor ^bre vis  pollicis. 

2.  Extensores  carpi  radiales,  longior  and  brevior. 

3.  Extensor  longus  pollicis.  ^UouiOU  '^^^^  jsui  Aj-W 

4.  Extensor  communis  digitorum  and  extensor  indicis. 

5.  Extensor  minimi  digiti. 


6.  Extensor  carpi  ulnaris. 


IX  . 
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tor  obliquus  pollicis 
Flexor  brevis  pollicis 
Abductor  pollicis 


—  Opponens  pollicis 


iensor  ossis  metacarpi  pollicis 


Flexor  carpi  radialis 
Posterior  annular  ligament 


Fig.  260. — The  Muscles  and  Tendons  in  the  Palm  of  the  Hand. 


The  thin  deep  fascia  of  the  dorsum  of  the  hand  is  lost  over  the  expansions  of 
the  extensor  tendons  on  the  fingers.  Between  the  metacaLpalJ:timea.a  strong  lajgr 
of  fascia^covers  and_gLK£a^tac&nent  to  the  mterossei  muscles. 

Tlie^palmar  fascia  is  oT'considerable  importance!  In  the  centre  of  the  palm 
it  forms  a  thick  triangular  membrane,  the  apex  of  which  jpins  the  lower  edge  of 
the  anterior  annular  ligament,  and  receives  the  insertion  of  the  tendon  of  the 
palmaris  longus  muscle.  The  fascia  separates  below  into  four  slips,  one  for  each 
finger,  connected  together  by  transverse  fibres,  forming  beneath  the  webs  of  the 
fingers  the  superficial  transverse  metacarpal  ligament.  Beyond  this  each  slip 
separates  into  two  parts,  to  be  connected  to  the  sides  of  the  metacarpo-phalangeal 
joints  and  the  first  phalanx  of  the  inner  four  digits.  In  the  cleft  between  the  two 
(halves  of  each  slip  the  digital  sheath  is  attached  and  extends  downwards  on  to  the 
I  finger.    The  lateral  borders  of  this  triangular  central  portion  of  the  palmar  fascia 
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are  continuous  with  thin  layers  of  deep  fascia,  which  cover  and  envelop  the  muscles 
of  the  thenar  and  hypothenar  eminences.  The  inner  border  gives  origin  to  the 
'palmar is  brevis  muscle. 

The  digital  sheaths  are  tubular  envelopes  extending  along  the  anterior  aspect 
of  the  digits  and  enclosing  the  flexor  tendons.  Each  consists  of  a  fibrous  sheath 
attached  to  the  lateral  borders  of  the  phalanges  and  inter-phalangeal  joints,  and 
continuous  above  with  the  palmar  fascia.  Opposite  each  inter-phalangeal 
articulation  the  digital  sheath  is  loose  and  thin ;  opposite  the  first  two  phalanges 
(the  first  only  in  the  case  of  the  thumb)  it^^ becomes  extremely  thick,  and  Pives 
rise  to  the  ligamenta  vaginalia^  which  serve  to  keep  the  tendons  closely  applied 
to  the  bones  during  flexion  of  the  fingers.  Within  each  digital  sheath  are  the  fiexor 
tendons,  enveloped  in  a  synovial  membrane  which  not  only  envelops  the  tendon, 
but  also  lines  the  interior  of  the  sheath.  The  synovial  membranes  of  the  digital 
sheaths  extend  a  short  distance  upwards  in  the  palm,  and  in  some  cases  com- 
municate with  the  large  synovial  membranes  lining  the  flexor  tendons  beneath 
the  annular  ligament.  There  may  be  a  separate  distinct  synovial  membrane  for 
each  digit ;  but  most  commonly  only  the  sheaths  for  the  three  middle  digits  have 
separate  synovial  membranes ;  those  for  the  flexor  longus  poUicis  and  for  the 
flexor  tendons  of  the  little  finger  communicate  usually  with  the  synovial  mem- 
branes placed  beneath  the  anterior  annular  ligament. 

THE  MUSCLES  ON  THE  FRONT  AND  INNER  ASPECT  OF 
THE  FOREARM. 

The  pronator  and  flexor  muscles  which  lie  on  the  front  of  the  forearm  occupy 
different  levels,  and  are  divisible  into  two  main  groups,  superficial  and  deep. 

Superficial  Muscles. 

The  superficial  muscles  form  the  prominence  on  the  front  and  inner  side  of 
the  forearm,  and  all  take  origin  in  whole  or  part  by  means  of  a  common  tendon 
from  the  internal  condyle  of  the  humerus.  The  group  comprises  five  muscles — 
pronator  radii  teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  carpi  ulnaris,  and 
flexor  sublimis  digitorum. 

The  pronator  radii  teres  (m.  pronator  teres)  is  the  most  external  and  shortest 
muscle  of  this  group.  It  has  a  double  origin:  (1)  a  superficial  head,  the  main  origin, 
partly  fleshy,  partly  tendinous,  from  the  lowest  part  of  the  internal  supracondyloid 
ridge  of  the  humerus  and  from  the  internal  intermuscular  septum,  from  the  internal 
condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  an  intermuscular  septum 
between  it  and  the  flexor  carpi  radialis  (Fig.  257,  p.  335) ;  (2)  a  deep  head,  a 
slender  tendinous  slip  from  the  inner  side  of  the  coronoid  process  of  tlie  ulna, 
which  joins  the  superficial  origin  of  the  muscle  on  its  deep  surface  (Fig.  264, 
p.  343).  The  median  nerve  separates  the  two  heads  from  one  another.  The  muscle 
is  directed  downwards  and  outwards  to  be  inserted  by  tendon  into  an  oval 
impression  on  the  middle  of  the  outer  surface  of  the  shaft  of  the  radius  (Figs. 
264,  p.  343,  and  271,  p.  351).  The  fibres  of  the  muscle  are  twisted  on  themselves, 
so  that  the  highest  humeral  fibres  form  the  lowest  fibres  of  the  tendon  of 
insertion,  and  the  lowest  humeral  fibres  and  those  arising  from  the  coronoid 
process  are  highest  at  the  insertion  of  the  muscle. 

Tlie  muscle  forms  the  inner  boundary  of  the  hollow  of  the  elbow.  It  is  super- 
ficially Y)laced,  except  near  its  insertion,  wliere  it  is  covered  by  the  brachio-radialis 
muscle  and  by  the  radial  vessels  and  nerve.  The  flexor  carpi  radialis  is  on  its  inner 
side.  The  muscle  conceals  the  ulnar  and  radial  origins  of  the  flexor  sublimis 
digitorum,  and  the  median  nerve  and  ulnar  artery,  which  are  separated  from  one 
another  by  tlie  deep  head  of  origin. 

The  flexor  carpi  radialis  muscle  takes  its  origin  from  the  common  tendon  from 
the  internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the  inter- 
muscular septa  on  either  side.  Its  fleshy  belly  gives  place  to  a  strong  round 
tendon  in  the  lower  half  of  the  forearm,  which,  at  the  wrist,  enters  the  hand  in  a 
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special  compartment  beneath  the  anterior  annular  ligament,  and  after  occupying 
the  groove  on  the  trapezium,  is  inserted  into  the  upper  ends  of  the  second  and 
third  metacarpal  bones  on  their  anterior  surfaces.    The  chief  tendon  is  that  to  the 

second  metacarpal  bone,  which 
gives  off  a  small  slip  on  its 
inner  side  to  be  attached  to 
the  third  metacarpal  bone. 
Each  is  inserted  about  a 
quarter  of  an  inch  below  the 
carpo- metacarpal  joint  (Fig.- 
267,  p.  346). 

The  flexor  carpi  radialis  is 
superficial  except  near  its  in- 
sertion. Its  fleshy  belly  in  the 
upper  half  of  the  forearm  lies 
between  the  pronator  radii 
teres  and  the  palmaris  longus, 
and  conceals  the  flexor  sub- 
limis  digitorum.  Its  tendon 
in  the  lower  half  of  the  fore- 
arm is  subcutaneous,  on  the 
outer  side  of  the  palmaris  longus 
tendon.  It  is  an  important 
guide  to  the  radial  vessels 
which  are  placed  in  the  hollow 
Just  above  the 
wrist  it  crosses  obliquely  the 
tendon  of  the  flexor  lonc^us 


Fia  261. 


\    h      !»    8     n     G  c 

-Section  across  the  Forearm  in  the  Middle 
Third. 

Pronator  radii  teres  (insertion) ;  B,  Flexor  carpi  radialis  ;  C, 
Flexor  sublimis  digitorum  ;  1),  Palmaris  longus  ;  E,  Flexor  carpi 
ULNARis ;  F,  Flexor  profundus  digitorum;  G,  Extensor  carpi 
TJLNARis;  H,  Extensor  longus  pollicis  ;  I,  Extensor  communis 
digitorum  and  extensor  minimi  digiti  ;  J,  Extensor  ossis  metacarpi  external  tO  it. 
pollicis  ;  K,  Extensor  carpi  radialis  brevior  ;  I;,  Extensor  carpi 
radialis  longior  ;  M,  Brachio-radialis.  a,  Radius  ;  b,  Interosseous 
membrane;  c,.  Ulna.  1,  Radial  nerve;  2,  Radial  Artery;  3,  Anterior 
interosseous  artery  ;  4,  Anterior  interosseous  nerve  (underneath  flexor  -pollicis  After  "Dassino"  bcnCath 
longus  pollicis);  5,  Median  nerve;  6,  Ulnar  artery    7,  Ulnar  nerve;  8,    ■'^^  '  ^     .     ^. . 

Posterior  interosseous  artery  ;  9,  Posterior  interosseous  nerve. 


the  anterior  annular  ligament 
the  tendon  is  concealed  by  the 
origins  of  the  short  muscles  of  the  thumb,  and  is  crossed  from  within  outwards  by 
the  tendon  of  the  flexor  longus  pollicis.  Besides  the  synovial  bursa  enveloping 
the  tendon  beneath  the  annular  ligament,  another  is  found  beneath  the  tendons 
at  their  insertion. 

The  palmaris  longus  arises  also  from  the  common  flexor  tendon,  from  the 
internal  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  intermuscular 
septa  on  either  side.  It  forms  a  short  fusiform  muscle,  which  ends  in  the  middle 
of  the  forearmJn_a  long  flat  tendon.  This  pierces  the  deep  fascia  above  the  wrist, 
and  passing  ov^rthelnrtmor~annular  ligament,  is  inserted  (1)  into  the  surface  of 
the  anterior  annular  ligament,  and  (2)  into  the  apex  of  the  thick  central  portion  of 
the  palmar  fascia.  A  tendinous  slip  is  frequently  sent  to  the  short  muscles  of  the 
thumb  and  the  fascia  covering  them. 

The  palmaris  longus  is  the  smallest  muscle  of  the  forearm.  It  is  placed  between 
the  flexor  carpi  radialis  and  the  flexor  carpi  ulnaris,  and  upon  the  flexor  sublimis 
digitorum.  In  the  lower  third  of  the  forearm  its  tendon  is  placed  directly  oyer_tlie 
median  nerve,  along  the  outer  border  of  the  tendons  of  the  flexor  su'Himis  digitorum. 

The  palmaris  longus  is  the  most  variable  muscle  in  the  body,  and  is  often  absent  (10  per  cent). 

The  flexor  carpi  ulnaris  muscle  has  a  double  origin,  from  the  humerus  and  from 
the  ulna.  (1)  It  arises  from  the  common  tendon  attached  to  the  inner  condyle  of  the 
humerus,  from  the  fascia  over  it,  and  Irom  an  intermuscular  septum  externally.  (2) 
By  means  of  the  deep  fascia  of  the  forearm  it  obtains  an  attachment  to  the  inner 
border  of  the  olecranon  process  and  the  posterior  border  of  the  ulna  in  its  upper 
three-fifths.  The  fleshy  fibres  join  a  tendon  which  lies  on  the  anterior  border  of  the 
muscle  and  is  inserted  into  the  pisiform  bone.  From  the  pisiform  bone  the  fibres 
are  continued  in  the  form  of  two  ligamentous  bands  (pisi-unciform  and  pisi-meta- 
carpal)  to  be  attached  to  the  upper  margin  of  the  hook  of  the  unciform  bone,  and 
the  palmar  surface  of  the  upper  end  of  the  fifth  metacarpal  bone  (Fig.  267,  p. 
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BiCEP: 


The  muscle  is  superficially  placed  along  the  inner  border  of  the  forearn] 
internal    to    the  palmaris 
lono-us  and  flexor  sublimis 

o 

digitorum,  and  conceals  the 
flexor  profundus  digitorum 
muscle.  The  ulnar  nerve 
(which  enters  the  forearm 
between  the  two  heads  of 
origin  of  the  muscle)  is 
concealed  by  it  in  its  whole 
length.  The  ulnar  artery 
lies  undercover  of  the  muscle 
its    lower   two  -  thirds. 


It  lies 


m 


The  tendon 
serves  as  a 
artery  in  the 


of  the 
guide 


Musculo-spiral 
ner\e 

Brachk) 
radialis 

Extensor 
carpi  radialis 

LONGJOli 

Posterior  interosseous 
nerve 

Supinator  radii 

BREVIS 

Radial  nerv 


Ulnar 


arm 


Bracliial  artery 


Median  nerv( 


Ulnar  nerve 


Semilunar  fascia 
(reflected) 


Origins  of 
superficial  muscles 


BrACHIO- RADIALIS 

Extensor  carpi 


ll 

2  J 


Flexor  carpi  ulnaris 


muscle 
to  the 
lower  half 

of  the  forearm. 

The  flexor  sublimis 
digitorum  occupies  a  deeper 
plane  than  the  four  previous 
muscles.  It  has  a  threefold 
origin,  from  the  humerus, 
radius,  and  ulna.  (1)  The 
chief  or  humeral  origin  is 
from  the  internal  condyle 
of  the  humerus  by  the 
common  tendon,  from  the 
internal  lateral  ligament  of 
the  elbow,  and  from  ad- 
jacent inter-muscular  septa. 

(2)  The  ulnar  origin  is 
by  a  slender  fasciculus  from 
the  inner  border  of  the  cor- 
onoid  process  of  the  ulna, 
above  and  internal  to  the 
origin  of  the  pronator  radii 
teres   (Fig.    264,   p.  343). 

(3)  The  radial  origin  is 
from  the  oblique  line  and 
middle  third  of  the  anterior 
border  of  the  radius  by  a 
thin  fibro-muscular  attach- 
ment (Fig.  264,  p.  343). 

The  muscle  divides  in 
the  lower  third  of  the  fore- 
arm into  four  parts,  each 
provided  with  a  separate 
tendon  which  passes  be- 
neath the  anterior  annular 
ligament,  traverses  the  palm 
of  the  hand,  and  enters  the 
corresponding  digital  sheath. 
Within  the  digital  sheath 
each  tendon  is  split  into 
two  parts  by  the  tendon  of 
the  flexor  profundus  digi- 
torum ;  after  surrounding 
that  tendon  the  two  parts  are  partially  re-united  on  its  deep  surface,  and  are  inserted, 
after  partial  decussation,  in  two  portions  into  the  sides  of  the  second  phalanx. 


Extensor  ossis 
metacarpi  pollicis 
Radial  artery 
Flexor  carpi  -    . , 
RADIALIS  (tendon)  //J 

Muscular  branch 
of  median  nerve 


Ulnar  artery 

Division  of  ulnar  nerve 

Deep  branch  of 
ulnar  nerve 

Anterior  annular 
^  ligament 

-  -  OpPONENS  POLLICIS 

Abductor  pollicis 
Flexor  brevis  pollicis 

\  Tendons  of  flexor 
/sublimis  digitorum 


Tendons  of 
Vflexor  pro- 
j  fundus  digitorum 


Fig.  262. — The  Muscles  and  Nerves  on  the  Front  of  the 
Forearm  and  Hand. 


The  pronator  radii  teres,  flexor  carpi  radialis,  and  pali 
have  been  removed. 


laris  loiious 


u^j^  e|     p4sfe^USCULAE  SYSTEM. 


The  vincula  accessoria  tendinum  form  additional  insertions  of  the  muscle. 
They  consist  of  delicate  bauds  of  connective  tissue  enveloped  in  synovial  membrane, 
and  are  known  as  the  ligamenta  longa  and  brevia.  The  ligamentum  breve  is  a 
triangular  band  of   fibres  containing  yelbw.elaslifi._tissiiil^  sub- 


fiavum),  occupying  the  interval  between  the  tendon  and  the  digit  for  a  short  distance 


LiS'anien 


^  Ligamentum 
Ion 


Lisamentum  breve 


Flexor  sublimis  digitorum 


Y  ^ Expansion  of  extensor  tendon  I 
/  AA  \     Flexor  profundus 

DIGITORUM 


First  lumbrical  muscle 


close  to  the  insertion.  It  is  attached 
to  the  front  of  the  inter-phalangeal 
articulation  and  the  head  of  the  first 
phalanx.  The  ligamentum  longum  is 
a  long  narrow  band  extending  from  the 
back  of  the  tendon  to  the  upper  part 
of  the  anterior  surface  of  the  first 
I  phalanx. 

The  flexor  sublimis  digitorum  muscle 
is  partially  concealed  in  the  forearm  by 
the  pronator  radii  teres,  flexor  carpi 
radialis,  and  palmaris  longus  muscles, 
and  by  the  radial  vessels  and  nerve. 
It  conceals  the  flexor  profundus  digi- 
torum and  flexor  longus  pollicis  muscles, 
the  median  nerve,  and  the  ulnar  artery. 
Its  inner  V)rder  is  in  contact  with  the 
flexor  carpKulnaris,  and  in  the  lower 
half  of  the  Mbrearm  with  the  ulnar 
vessels  and  ner^e.  The  median  nerve 
emerges  at  its  outer  border  above  the 
wrist,  and  separates  the  muscle  from 
the  tendon  of  the  flexor  carpi  radialis. 
At__thg_^ wrist  the  four  tendons  are 
arranged  in  pairs,  those  for  the  middle 
and  ring;  fingers  in  front,  those  for  the 
fore  and  little  fingers  behind,  and  are  enveloped  in  a  synovial  sheath  (along  with 
the  tendons  of  the  flexor  profundus  digitorum)  beneath  the  anterior  annular 
ligament.  In  the  palm  the  tendons  separate,  and  lying  beneath  the  superficial 
palmar  arch  conceal  the  tendons  of  the  deep  flexor  and  the  lumbrical  muscles. 
Within  the  digital  sheaths  on  the  fingers  the  tendons  at  first  conceal  those  of  the 
deep  flexor ;  after  l)eing  pierced  by  them,  they  are  in  turn  concealed  by  these 
tendons  at  their  insertion. 


First  dorsal  inter- 
osseous muscle 


Extensor  indicis  tendon 


Extensor  communis 
digitorum  tendon 


Fig.  263. 


-The  Tendons  attached  to  the  Index 
Finger. 


Deep  Muscles. 

The  deep  muscles  on  the  front  of  the  forearm  are  three  in  numt>er  r  flexor 
^        profundus  digitorum,  flexor  longus  pollicis,  and  pronator  quadrat  us. 
— "  The  flexor  profundus  digitorum  is  a  large  muscle  arising  from  the  ulna,  the 

interosseous  membrane,  and  the  deep  fascia  of  the  forearm.  Its  ulnar  ori'^m  is 
from  the  anterior  and  iun^r^^sttAcfiS^oLibje  bone  in  its  upper  two-thirds,  extending 
up  so  as  to  inclucIFThe  inner  side  of  the  olecranon  process,  and  to  embrace  the 
insertion  of  the  brachialis  anticus  into  the  coronoid  process.  It  arises  externally 
from  the  inner  half  of  the  interosseous  membrane  in  its  middle  third  (Figs.  264, 
p.  343,  and  271,  p.  351),  and  internally  from  the  deep  fascia  of  the  forearm  behind 
the  origin  of  the  flexor  carpi  ulnaris. 

The  muscle  forms  a  broad  thick  tendon  which  passes  beneath  the  anterior 
annular  ligament,  and  divides  in  the  palm  into  four  tendons  for"  insertion  into  the 
terminal  phalanges  of  tlie  fingers.  The  tendon  associated  with  the  forefincrer  is 
(i^^'*^  usually  separate  from  the  rest  of  the  tendons  in  its  whole  length.  Each  tendon  enters 
a  digital  sheath  beneath  the  tendon  of  the  flexor  sublimis  digitorum,  which  it 
pierces  opposite  the  first  phalanx,  and  is  finally  inserted  into  the  base  of  the 
tei^minal  phalanx.     Like  the  tendons  of  the  flexor  sublimis,  those  of  the  deep- 
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flexor  are  provided  with  vincula  accessoria,  viz.  ligamenta  brevia  attached  to  the 
capsule  of  the  second  inter-phalangeal  articulation,  and  ligamenta  longa,  which 
are  in  this  case  connected  to  the  tendons  of  the  subjacent  flexor  sublimis 
digitorum. 

Lumbricales. — Four  small  cylindrical  muscles  are  associated  with  the  tendons 
of  the  flexor  profundus  digitorum  in  the  palm  of  the  hand.  The  tivo  outermost 
muscles  arise  each  by  a  single  head  from  the  radial  sides  of  the  tendons  of  the 


flexor  profundus  digitorum  destined 
respectively  for  the  fore  and  middle 
fingers.  The  t  wo  innermost  muscles 
arise,  each  by  two  heads,  from  the 
(gff  adjacent  sides  of  the  second  and 
thM^jirn^^^t^ 

From  these  origins  the  muscles  are 
directed  downwards  to  the  radial 
side  of  each  of  the  metacarpo- 


Brachialis  anticus  (insertion) 
Supinator  radii  brevis 
(ulnar  origin) 


phalangeal  joints,  to  be  inserted  into  j  (\.{'J^-i^ 
the  capsules  of  these  articulations,*^  Ix^^x.  o.  , 
the  Qu|erTorder  of  the  first  phalanx, 
and  chJM;j^j^^to__th^_j)u^^  of 
the  extensor  tendon  on  the  dorsum 


Supinator  radn 
brevis  (insertion) 


Flexor  sublimis 
digitorum  (radial 
origin) 


Pronator  radii 
teres  (insertion) 


Flexor longus 
poUicis  (origin) 


Flexor  profundus 
digitornm  (origin) 


Pronator  quadratus 
(origin) 


of  the  philanjL  The  lumbricales 
vary  considerably  in  number,  and 
may  be  increased  to  six  or  di- 
minished to  two. 

In  the  forearm  the  flexor  pro- 
fundus digitorum  is  concealed  by 
the  flexor  sublimis  digitorum  and 
flexor  carpi  ulnaris  muscles,  and 
by  the  ulnar  nerve  and  artery. 
Under  the  anterior  annular  liga- 
ment the  muscle  is  placed  beneath 
the  tendons  of  the  flexor  sublimis 
digitorum,  and  is  enveloped  in  the 
common  bursal  sac.  In  the  palm 
the  tendons,  along  with  the  lum- 
brical  muscles,  cover  the  deep  palmar 
arch  and  the  interossei  muscles, 
and  are  concealed  by  the  tendons 
of  the  flexor  sublimis  digitorum. 
On  the  finger  each  tendon  is  placed 
at  first  beneath,  and  afterwards  ratus  (insertion) 
pierces,  the  tendon  of  the  flexor 
sublimis  digitorum  in  its  passage 
through  the  digital  sheath.    The  Brachio-radiaiis 

3    lumbrical  muscles  passing  down-  (insertion) 
wards  on  the  radial  side  of  the 

I  deep  flexoj-  tendons  lie  beneath  the 
4i£itaLyess^I^a^Qd  nerves  on^theix^ 
way  to^their  insertiim. 

THe  ffexor  longus  pollicis  arises  by  fleshy  fibres  from  the  anterior  surface  of 
the  shaft  of  the  radius  in  its  middle  two-fourths,  and  from  a  corresponding  portion 
of  the  interosseous  membrane.  It  has  an  additional  origin  occasionally  from  the 
inner  border  of  the  coronoid  process  of  the  ulna  (Fig.  264,  p.  343).  Its  radial 
origin  is  limited  above  by  the  oblique  line  and  the  origin  of  the  flexor  sublimis 
digitorum,  and  below  by  the  insertion  of  the  pronator  quadrat  us  muscle.  The 
muscle  ends  above  the  wrist  in  a  tendon,  which  passes  into  the  hand  beneath  the 
anterior  annular  ligament,  enveloped  in  a  special  synovial  sheath.  Iii  front^f  the 
carpus  it  crosses  over  the  tendon  of  the  flexor  carpi  radialis.    In  the  palm  the 


Pronator  quad- 


3  t^<^ui,^cLu..  ^- 


Fl^orsublimis  digi- 
torum (ulnar  origin) 
I'ronator  radii  teres 
(ulnar  origin) 
Flexor  longas  pollicis 
(occasional  origin) 


Biceps  (insertion) 


Muscle-Attachments  to  the  Radius  and  Ulna 
(Anterior  Aspects). 
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Internal  intennusculai-  septun 


Common  origin  of  pronator  anh 
flioxor  muscles 


Brachial 


Termination  of  nmsculo-spiral 
nerve 

Biceps  tendon 

Ulnar  nerve 
Supinator  radii  brevis 
Median  nerve 
Ulnar  origin  of  flexor  longus  po 

Flexor  carpi  ulnaris 

Radial  orlun  of  flexor 
sublimis  digitorum 


Flexor  profundus  digitorum 


Radial  origin  of  fle 
longus  poll 


tendon  is  directed  downwards  along  the  inner  side  of  the  thenar  eminence,  between 

thetlexor  brevis  and  adductor 
muscles  of  the  thumb,  to 
be  inserted  into  the  base  of 
the  terminal  phalanx  of 
the  thumb  on  its  anterior 
surface. 

In  the  forearm  the  muscle 
is  deeply  placed  beneath 
the  flexor  sublimis  digit- 
orum and  flexor  carpi  radialis 
muscles.  The  radial  artery 
lies  upon  it,  and  the  an- 
terior interosseous  artery  and 
nerve  intervene  between  it 
and  the  flexor  profundus 
digitorum.  It  crosses  over 
the  insertion  of  the  pro- 
nator quadratus  near  the 
wrist. 

The  pronator  quadratas 

is  a  quadrilateral  flesly 
muscle,  occupying  the  lower 
fourth  of  the  forearm.  It 
arises  from  the  lower  fourth 
of  the  anterior  border  and 
surface  of  the  ulna  and 
frequently  from  the  adjoin- 
ing part  of  the  inner  surface 
(Fig.  271,  p.  351),  and  is 
directed  transversely  out- 
wards to  be  inserted  into 
the  lower  fourth  of  the  an- 
terior surface  of  the  radius, 
and  into  the  narrow  tri- 
angular area  on  its  inner 
side  in  front  of  the  attach- 
I  ment  of  the  interosseous 
(cut)  membrane  (Fig.  264,  page 
343). 

The  muscle  is  deeply 
placed  beneath  the  flexor 
tendons,  the  radial  and 
ulnar  arteries,  and  the  ulnar 
and  median  nerves.  It  con- 
ceals the  lower  part  of  the 
interosseous  membrane,  the 
radius  and  ulna,  and  the 
anterior  interosseous  artery 
and  nerve,  which  pass  be- 
hind its  upper  border.  The 
pronator  quadratus  is  sub- 
ject to  considerable  varia- 
tions. It  may  even  be  absent : 
or  it  may  have  an  origin 
from  radius  or  ulna,  or  from  both  bones,  and  an  insertion  into  the  carpus. 


Tendon  of  flexor  LON(.Uh 
pollicis 
Adductor  transversus 
pollicis 

Lumbricales 


Extensor  ossis  metacarpi  / 
POLLICIS  (double)  ( 


Extensor  brevis  pollicis 


Pronator  Quadratus 


Flexor  carpi  radialis 


Abductor  pollicis  {Qut)-~p/~ — 


Opponens  pollkus 


Flexor  brevls  poli  ici^ 


Fig. 


!65.— Deep  Muscles  on  the  Front  of  the  Forearm 
AND  Hand. 
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SHORT  MUSCLES  OF  THE  HAND. 
Muscles  of  the  Thumb, 

The  short  muscles  of  the  thumb  are  six  in  number,  abductor,  opponens,  and 
flexor  brevis  (with  its  deep  portion,  interosseus  primus  volaris),  and  two  adductor 
muscles,  adductor  obliquus,  and  adductor  transverSus  pollicis. 

The  abductor  pollicis  (m.  abductor  pollicis  brevis)  arises  by  fleshy  fibres  from 
the  tubercle  of  the  scaphoid,  the  upper  part  of  the  outer  surface  of  the  ridge  of  the 
trapezium,  the  upper  part  of  the  anterior  surface  of  the  anterior  annular  ligament 
at  its  outer  end,  and  from  tendinous  slips  derived  from  the  insertions  of  the  palmaris 


Transverse  metacarpal  

ligament  %^ 

Interosseous  muscle-  ' 


Abductor  and  flexor 

BREVIS  minimi  DIGITI  (cut)' 

Interosseous  musc 
Interosseous  muscle 


Deep  palmar  arch  (along  with  deep 
branch  of  ulnar  nerve) 


Opponens  minimi  digiti 


First  dorsal 
interosseous  muscle 

L_Flexor  longus  pollicis 
tendon 

[L  Adductor  transversus 

,1  POLLICIS 

Abductor  pollicis  (cut) 

Flexor  brevis  pollicis 
Adductor  obliquus  pollicis 
Flexor  brevis  pollicis 


Flexor  carpi  ulnaris. 


Ulnar  nerve 


Opponens  pollicis 
-.Median  nerve  (muscular  branches) 


Abductor  pollicis  (cut) 
Extensor  ossis  metacarpi  pollic 


Flexor  carpi  radialis  tendon 


Fig.  266. — Short  Muscles  of  the  Hand. 

longus  and  extensor  ossis  metacarpi  pollicis  muscles  (Fig.  267,  p.  346).  Strap- 
like in  form,  it  is  inserted  by  a  short  tendon  into  the  outer  side  of  the  first  phalanx 
of  the  thumb  at  its  upper  end,  and  into  the  capsule  of  the  metacarpo-phalangeal 
joint. 

It  is  the  most  superficial  muscle  of  the  thenar  eminence,  and  conceals  partially 
the  opponens  and  the  superficial  portion  of  the  flexor  brevis  pollicis. 

The  opponens  pollicis  arises  beneath  the  preceding  muscle  by  fleshy  and 
tendinous  fibres  from  the  lower  and  outer  part  of  the  anterior  surface  of  the 
anterior  annular  ligament  and  from  the  outer  surface  of  the  ridge  on  the  trapezium. 
Extending  downwards  and  outwards,  it  is  inserted  into  the  whole  length  of  the  outer 
border  and  the  radial  half  of  the  palmar  surface  of  the  first  metacarpal  bone  (Fig. 
267,  p.  346).  The  muscle  is  superficial  along  the  outer  border  of  the  abductor 
pollicis. 

The  flexor  brevis  pollicis  consists  of  two  parts,  a.  The  superficial  part  of  the 
muscle  arises  by  fleshy  and  tendinous  fibres  from  the  outer  half  or  two-thirds  of 
the  lower  border  of  the  anterior  annular  ligament,  and  sometimes  from  the  ridge  of 
the  trapezium,  and  is  inserted  into  the  nirh^^^P  nK.thp  base  of  the  first  phalanx  of 
the  thumb,  a  sesamoid  bone  being  present  in  the  tendon  of  insertion.  This  part  of 
the  muscle,  partly  concealed  by  the  abductor  pollicis,  is  superficial  in  the  interval 
between  that  muscle  and  the  tendon  of  the  flexor  longus  pollicis. 

b.  The  deep  part  of  the  muscle  (interosseus  primus  volaris)  arises  from  the 
-ulnar  side  of  the  base  of  the  first  metacarpal  bone,  and  is  inserted  into  the  inner 
side  of  the  base  of  the  first  phalanx  of  the  thumb  along  with  the  adductor 
■obliquus  pollicis.  This  little  muscle  is  deeply  situated  in  the  first  interosseous 
:space,  in  the  interval  between  the  adductor  obliquus  pollicis  and  the  first  dorsal 
interosseous  muscle.  It  may  be  regarded  as  homologous  with  the  palmar  interossei 
muscles,  with  which  it  is  in  series 
24 
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The  adductor  obliquus  pollicis  arises  by  fleshy  fibres  from  the  anterior  surfaces 
of  the  trapezium,  trapezoid,  and  os  magnum,  from  the  slieath  of  the  tendon  of  the 
flexor  carpi  radialis,  from  the  basis  of  the  second,  third,  and  fourth  metacarpal  bones, 
and  from  the  palmar  ligaments  connecting  these  bones  together  (Fig.  267,  p.  346). 
It  is  inserted  by  a  tendon,  in  which  a  sesamoid  bone  is  developed,  into  the  inner 
side  of  the  base  of  the  first  phalanx  of  the  thumb.  At  its  outer  border  a  slender 
slip  separates  from  the  rest  of  the  muscle,  and  passing  obliquely  beneath  the  tendon 
of  the  flexor  longus  pollicis,  is  inserted  into  the  outer  side  of  the  base  of  the  first 
phalanx  along  with  the  superficial  part  of  the  flexor  brevis  pollicis. 

The  adductor  obliquus  pollicis  lies  on  the  ulnar  side  of  the  tendon  of  the  flexor 
longus  pollicis,  internal  to  the  thenar  eminence.  It  is  covered  by  the  flexor  tendons, 
of  the  thumb  and  fingers,  and  conceals  the  radial  artery  and  the  deep  part  of  the 
flexor  brevis  pollicis.  At  its  inner  border  the  radial  artery  (deep  palmar  arch) 
appears  between  it  and  the  adductor  transversus  pollicis. 

The  adductor  transversus  pollicis  arises  by  fleshy  fibres  from  the  median  ridge 


Os  maginiin 


feoaplioid  boiKs 
Abductor  pollicis  (origin) 

Opponens  pollicis  (origin). 

'J'lapezmn 
Extensor  ossis  metacarpi 
pollicis  (insertion) 


Opponens  pollicis  (insertion). 


Semilunar  bone 
Unciform 

Cuneiform  bone 
Pisiform  bone 


Flexor  cari)i  radialis 
(insertion) 


Adductor  obliquus 
pollicis  (origin)' 


First  dorsal  interosseous  muscle 
(one  origin) 


First  palmar  interosseous  muscle 
(origin)' 


Second  dorsal  interosseous 
muscle  (one  origin) 


Abductor  minimi  digiti  (origin) 

Flexor  carpi  ulnaris  (insertion) 

Flexor  brevis  minimi  digiti 
(origin) 

Flexor  carpi  ulnaris  (insertion) 


<  )pponens  minimi  digiti 
(origin  and  insertion) 


Third  palmar  inter- 
osseous muscle 
(origin) 


(jurth  dorsal  interosseous 
muscle  (one  .origin) 
Second  jtalmar  interosseous 
muscle  (origin) 


Adductor  transversus 
pollicis  (origin)j 


Third  dorsal  interosseous 
muscle  (one  origin) 


Fig.  267. — Muscle- Attachments  to  the  Palmar  Aspect  of  the  Carpus  and  Metacarpus,. 


on  the  front  of  the  shaft  of  the  third  metacarpal  bone,  in  its  lower  two-thirds 
(Fig.  267;  p.  346),  and  from  the  fascia  covering  the  interosseous  muscles  in  the 
second  and  third  spaces.  Triangular  in  form,  it  is  directed  outwards,  to  be 
inserted  by  tendon  into  the  inner  side  of  the  base  of  the  first  phalanx  of  the 
thumb  along  with  the  adductor  obhquus.  Lying  deeply  in  the  palm  beneath  the 
flexor  tendons,  this  muscle  conceals  the  interossei  muscles  of  the  first  two  spaces 
and  the  radialis  indicis  and  princeps  pollicis  arteries.  Its  upper  border  is 
separated  from  the  adductor  obhquus  pollicis  by  the  radial  artery  (deep 
palmar  arch). 

Muscles  of  the  Little  Finger. 

The  short  muscles  of  the  little  finger  are  three  in  number :  abductor,  opponens, 
and  flexor  brevis  minimi  digiti. 
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The  abductor  minimi  digiti  (m.  abductor  cligiti  qiiinti)  arises  from  the  front 
and  inner  side  of  the  pisiform  bone  and  from  the  tendon  of  the  flexor  carpi  ulnaris 
and  its  ligamentous  continuations  (Fig.  267,  p.  346),  and  is  inserted  by  tendon  into 
the  inner  side  of  the  base  of  the  first  phalanx  of  the  little  finger.  It  lies 
superficially  upon  the  opponens  and  flexor  brevis  minimi  digiti. 

The  opponens  minimi  digiti  (m.  opponens  digiti  quinti)  arises  by  tendinous 
fibres  from  the  lower  part  of  the  anterior  surface  and  from  the  lower  border  of  the 
anterior  annular  ligament  at  its  inner  end,  and  from  the  lower  border  and  inner  side 
of  the  hook  of  the  unciform  bone,  and  is  inserted  into  the  inner  margin  and 
ulnar  half  of  the  palmar  surface  of  the  fifth  metacarpal  bone  in  its  lower 
three-fourths  (Fig.  267,  p.  346). 

It  is  concealed  by  the  previous  muscle,  and  may  be  pierced  near  its  origin  for 
the  passage  of  the  deep  branches  of  the  ulnar  artery  and  nerve. 

The  flexor  brevis  minimi  digiti  (m.  flexor  digiti  quinti  brevis)  arises  by 
tendinous  fibres  from  the  inner  part  of  the  anterior  surface  of  the  anterior  annular 
ligament  and  from  the  inner  side  of  the  hook  of  the  unciform  bone  (Fig.  267, 
p.  346),  and  is  inserted  along  with  the  abductor  into  the  inner  side  of  the  first 
phalanx  of  the  little  finger. 

This  muscle  is  placed  external  to  the  opponens  and  abductor,  and  is  separated 
from  the  latter  by  the  deep  branches  of  the  ulnar  artery  and  nerve.  It  may  be 
reduced  in  size,  absent  altogether,  or  incorporated  with  either  the  opponens  or 
abductor  minimi  digiti. 

The  Interosseous  Muscles. 

The  interosseous  muscles  of  the  hand  are  arranged  in  two  sets,  palmar  and 

dorsal.  ^(xd.   C  ^- • 

The  palmar  interossei  (m.  interossei  volares)  are  three  in  number,  occupying 

the  three  inner  interosseous  spaces. 

Each  arises  by  a  single  head ;  the 

first  from  the  ulnar  side  of  the  shaft 

of  the  second  metacarpal  bone ;  the 

second  and  third  from   the  radial 

sides  of  the  shafts  of  the  fourth  and 

fifth  metacarpal  bones  respectively 

(Fig.  267,  p.  346).    Each  ends  in  a 

tendon  which  is  directed  downwards 

behind  the  deep  transverse  meta- 
carpal ligament,  to  be  inserted  into 

the  dorsal  expansion  of  the  extensor 

tendon,  the  capsule  of  the  meta- 

carpo  -  phalangeal   articulation,  and 

the  side  of  the  first  phalanx  of  the 

finger ;  the  first  is  inserted  into  the 
^Inar  side  of  the  second  finger ;  the 
^  second  and  third  into  the  radial  sides 

of  the  fourth  and  fifth  fingers.  The 

deep    part    of    the    flexor  brevis 

pollicis  (interosseus  primus  volaris) 

is  to  be  regarded  as  the  homologous 

muscle   of    the    first  interosseous 

space.  P  ec^^U 

The  dorsal  interossei  are  four  in  number.    Each  arises  by  two  heads  from  the 

sides  of  the  metacarpal  bones  bounding  each  interosseous  space  (Figs.  267,  p.  346, 

and  269,  p.  348).    Each  forms  a  fleshy  mass,  ending  in  a  membranous  tendon, 

which,  passing  downwards  behind  the  deep  transverse  metacarpal  ligament,  is 

inserted  exactly  like  the  palmar  muscles  into  the  dorsal  aspect  of  each  of  the  four 

fingers.    The  insertion  of  the  first  dorsal  interosseous  muscle  is  into  the  radial 

side  of  the  index  finger ;  the  second  muscle  is  attached  to  the  radial  side  of  the 


Fig.  268. — The  PxVLMar  Interosseous  Muscles. 

P^,  first  ;  P^,  second  ;  and  P^  third  palmar  interosseons 
muscles. 
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middle  finger  ;  the  third  muscle  to  the  ulnar  side  of  the  same  finger ;  and  the  fourth 
muscle  to  the  ulnar  side  of  the  ring  finger. 

These  muscles  fill  up  the  interosseous  spaces ;  the  dorsal  interossei  are  visible 


Extensor  carpi  ulnaris  (insertion) 


Fourth  dorsal  interosseous 
"muscle  (origin) 


Third  dorsal  inter 

osseous  muscle^^  "  ^ 
(origin)  ■ 


Extensor  carpi  radialis 
brevior  (insertion) 

Extensor  carpi  radialis 
longior  (insertion) 


First  dorsal  inter- 
osseous muscle 
(origin) 


\Second  dorsal  interosseous 
nniscle  (origin) 


Fig,  269. — Muscle -Attachments  to  the  Dorsal  Aspect  of  the  Metacarpus. 

on  the  back  of  the  hand  when  the  extensor  tendons  are  removed ;  in  the  palm  the 
muscles  are  concealed  by  the  flexor  tendons  and  the  muscles  of  the  thumb  and 
little  finger,  and  are  crossed  by  the  deep  palmar  arch  and  the  deep  branch  of  the 


Abductor  pollicis  :  origin  (cut). 
Insertion  of  flexor  cari'i  radiali 

Insertion  of  opponens  pollicis 
Interosseous  primus  volaris 


Abductor  pollicis  :  insertion  (cut) 
Adductor  obliquus  (insertion) 
Adductor  transversus  (insertion). 


First  dorsal  interosseous  muscled 
Second  dorsal  interosseous  muscle^ 

Third  dorsal  interosseous  muscles- 
Fourth  dorsal  interosseous  muscle--' 


Insertion  of  flexor 
carpi  ulnaris 


Origins  of 
palmar  inter- 
osseous muscles 
Insertion  of 

OPPONENS  minimi 

digiti 

Insertion  of 

ABDUCTOR  minimi 

digiti 


Fig.  270. — Dorsal  Interosseous  Muscles  op  the  Hand  (seen  from  the  Palmar  Aspect). 

ulnar  nerve.  Between  the  two  heads  of  the  first  dorsal  muscle  the  radial  artery 
enters  the  palm,  and  the  perforating  arteries  pass  between  the  heads  of  the  other 
dorsal  muscles. 

The  interossei  muscles  of  the  hand  in  some  cases  have  a  disposition  similar  to 
that  of  the  corresponding  muscles  of  the  foot. 
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THE  MUSCLES  ON  THE  BACK  OF  THE  FOREARM. 

The  group  of  muscles  occupying  the  outer  side  of  the  elbow  and  the  back  of  the 
forearm  and  hand  include  the  supinator  muscles  of  the  forearm  and  the  extensors 
of  the  wrist  and  digits.    They  are  divisible  into  a  superficial  and  a  deep  layer. 

Superficial  Muscles. 

The  superficial  layer  comprises  seven  muscles,  viz.  from  without  inwards,  the 
brachio-radialis,  the  two  radial  extensors  of  the  carpus,  the  extensor  communis 
digitorum  and  extensor  minimi  digiti,  the  extensor  capri  ulnaris,  and  the  anconeus. 

The  brachio-radialis  (supinator  radii  longus)  arises  by  fleshy  tibres  from  the 
anterior  aspect  of  the  uijper  two- thirds  of  the  external  supra  condyloid  ridge  of 
the  humerus,  and  from  the  front  of  the  external  intermuscular  septum  (Fig.  257, 
p.  335).  Occupying  the  outer  side  of  the  hollow  of  the  elbow,  the  muscle  descends 
along  the  outer  border  of  the  forearm,  and  ends  about  the  middle  in  a  narrow  flat 
tendon  which  is  inserted  under  cover  of  the  tendons  of  the  extensor  os-is  metacarpi 
pollicis  and  extensor  brevis  pollicis,  by  a  transverse  linear  attachment,  into  the 
upper  limit  of  the  groove  for  the  above-named  muscles  on  the  outer  side  of  the  ^''^'^'^ 
lower  extremity  of  the  radius.  Some  of  its  fibres  gain  an  attachmeut  to  the  ridge 
in  front  of  the  groove,  and  others  spread  over  the  surface  of  the  groove  for  a 
variable  distance  (Figs.  271,  p.  351,  and  264,  p.  343). 

The  muscle  is  superficial  in  its  whole  length.  Near  its  origin  it  is  separated 
from  the  brachialis  anticus  by  the  musculo-spiral  nerve.  It  forms  the  outer 
boundary  of  the  hollow  of  the  elbow,  and  conceals  the  radial  extensors  of  the  carpus, 
and,  in  the  upper  two-thirds  of  the  forearm,  the  radial  artery  and  nerve. 

The  extensor  carpi  radialis  longior  (m.  ext.  carp.  rad.  longus)  arises  by  fleshy 
fibres  from  the  lower  third  of  the  external  supracondyloid  ridge  of  the  humerus 
on  its  anterior  aspect,  from  the  front  of  the  external  intermupcular  septum,  and 
from  the  common  tendon  of  origin  of  succeeding  muscles,  which  is  attached  to  an 
impression  on  the  antero-external  surface  of  the  external  condyle  (Figs.  257, 
and  258,  p.  335).  It  ends  in  a  tendon  in  the  lower  half  of  the  forearm,  which 
passes  beneath  the  posterior  annular  ligament,  to  be  inserted  into  the  back  of  the  • 
base  of  the  second  metacarpal  bone  on  its  radial  side  (Fig.  269,  p.  348). 

The  upper  part  of  the  muscle  is  concealed  by  the  brachio-radialis,'  and  the  lower 
part  is  crossed  by  the  extensors  of  the  thumb.  It  covers  the  supinator  radii  brevis 
and  extensor  carpi  radialis  brevier  above,  and  the  back  of  the  radius  and  the  carpus 
below. 

The  extensor  carpi  radialis  brevior  (m.  ext.  carp.  rad.  brevis)  arises  from  the 
common  tendon,  from  the  external  lateral  ligament  of  the  elbow,  from  the  fascia 
over  it,  and  from  intermuscular  septa  on  each  side.  It  passes  down  the  back  of 
the  forearm  and  under  the  posterior  annular  ligament  in  close  relation  to  the 
previous  muscle,  to  be  inserted  by  a  tendon  into  the  back  of  the  base  of  the  third 


metacarpal  bone  below  the  styloid  process  on  its  radial  side.    It  usually  has  gtAw^ 


an  additional  insertion  into  the  back  of  the  base  of  the  second  metacarpal  bone*'^ 


(Fig.  269,  p.  348).  A  bursa  is  placed  beneath  the  two  radial  extensor  tendons 
close  to  their  insertion. 

Partially  concealed  by  the  extensor  carpi  radialis  longior  and  the  extensor 
muscles  of  the  thumb,  and  having  the  extensor  communis  digitorum  on  its  inner 
side,  the  muscle  covers  the  supinator  brevis,  the  lower  part  of  the  radius,  and  the 
back  of  the  carpus. 

The  extensor  communis  digitorum  arises  from  the  common  tendon,  from  the 
externa]  condyle,  from  the  fascia  over  it,  and  from  intermuscular  septa  on  each  side. 
Extending  down  the  back  of  the  forearm  it  ends  above  the  wrist  in  four  tendons,  of 
which  the  outermost  often  has  a  separate  fleshy  belly.  After  passing  beneath  the 
posterior  annular  ligament  in  a  compartment  along  with  the  extensor  indicis,  the 
tendons  separate  on  the  back  of  the  hand,  where  the  three  innermost  tendons  are 
joined  together  by  two  obliquely-placed  bands.  One  passes  downwards  and  out- 
wards, and  connects  together  the  third  and  second  tendons ;  the  other  is  a  broader 


350  THE  MUSCULAE  SYSTEM^ 

"  ^  :  ^  --^  , 

and  shorter  band,  which  passes  also  downwards  and  outwards,  and  joins  the  foiirth 
to  the  tlffid^teudon.  In  some  cases  (Fig.  a  third  band  is  present,  which  passes 
downwards  and  inwards  from  the  first  to  the  second  tendon ;  and  frequently  the 
tendon  for  the  little  finger  is  joined  to  the  tendon  for  the  ring  finger,  and  separates 
from  it  only  a  short  distance  above  the  lower  end  of  the  metacarpal  bone. 

The  tendons  are  inserted  in  the  following  manner :  On  the  finger  each  tendon 
spreads  out  so  as  to  form  a  membranous  expansion  over  the  knuckle  and  on  the 
back  of  the  first  phalanx.  The  border  of  the  tendon  is  indefinite  over  the  meta- 
carpo-phalangeal  articulation,  of  which  it  J'ornis  the  posterior  ligament.  On  the 
back  of  the  first  phalanx  the  tendon  receiv^laterally  the  insertions  of  the  interossei 
and  lumbrical  muscles.  At  the  lower  end  of  the  first  phalanx  the  tendon  splits 
into  ill -defined  median  and  lateral  slips,  proceeding  over  the  back  of  the  first 
inter-phalangeal  articulation,  of  which  they  form  the  posterior  ligament.  The 
median  slip  is  inserted  into  the  back  of  the  base  of  the  second  phalanx,  while  the 
two  lateral  pieces  become  united  to  form  a  membranous  tendon  on  the  back  of 
the  second  phalanx,  which,  after  passing  over  the  second  inter-phalangeal  articula- 
tion, is  inserted  into  the  base  of  the  terminal  phalanx. 

The  extensor  communis  digitorum  is  superficial  in  its  whole  length,  and  lies  in 
the  upper  part  of  the  forearm  between  the  radial  extensors  of  the  carpus  externally 
and  the  extensor  minimi  digiti  internally.  It  conceals  the  supinator  brevis  and 
other  deep  muscles  of  the  forearm,  as  well  as  the  posterior  interosseous  vessels  and 
nerves.  The  extensors  of  the  thumb  become  superficial  along  its  outer  border  in 
the  lower  third  of  the  forearm. 

The  extensor  minimi  digiti  (m.  extensor  digiti  quinti  proprius)  has  an  origin 
similar  to  and  closely  connected  with  that  of  the  preceding  muscle,  from  the 
common  tendon,  the  fascia  over  it,  and  lateral  intermuscular  septa.  Passing  down 
the  back  of  the  forearm  as  a  narrow  fleshy  slip,  between  the  extensor  communis 
digitorum  and  the  extensor  carpi  ulnaris,  it  ends  in  a  tendon  which  occupies  a 
groove  between  the  radius  and  ulna  in  a  special  compartment  of  the  posterior 
annular  ligament.  On  the  back  of  the  hand  the  tendon,  usually  split  into  two  parts, 
lies  internal  to  the  tendons  of  the  extensor  communis  digitorum,  and  is  finally 
inserted  into  the  expansion  of  the  extensor  tendon  on  the  dorsum  of  the  first 
phalanx  of  the  little  finger. 

The  extensor  carpi  ulnaris  has  a  double  origin:  (1)  from  the  common  tendon 
from  the  external  condyle  of  the  humerus,  from  the  fascia  over  it,  and  from  the 
intermuscular  septa;  and  (2)  through  the  medium  of  the  deep  fascia,  from  the 
posterior  border  of  the  ulna  in  its  middle  two -fourths.  The  muscle  ends  in  a 
tendon  in  the  lower  third  of  the  forearm,  which  occupies  a  groove  on  the  back  of 
the  ulna  in  a  special  compartment  of  the  posterior  annular  ligament,  and  is  inserted 
into  the  ulnar  side  of  the  base  of  the  fifth  metacarpal  bone  (Fig.  269,  p.  348). 

The  muscle  is  superficially  placed  between  the  extensor  minimi  digiti  and  the 
anconeus,  external  to  the  posterior  border  of  the  ulna.  It  conceals  the  supinator 
radii  brevis  and  the  posterior  interosseous  vessels  and  nerve  above,  and  in  the  lower 
two-thirds  of  the  forearm  it  lies  upon  the  posterior  surface  of  the  ulna. 

The  anconeus  is  a  small  triangular  muscle  arising  by  a  separate  tendon  from 
the  lower  part  of  the  back  of  the  external  condyle  of  the  humerus  (Fig.  258, 
p.  335),  and  from  the  posterior  ligament  of  the  elbow-joint.  Spreading  out  over 
the  ulna,  it  is  inserted  by  fleshy  fibres  into  a  triangular  surface  on  the  outer  side 
of  the  olecranon  process  and  back  of  the  ulna,  as  low  down  as  the  oblique  line 
(Fig.  271,  p.  351).    It  is  also  inserted  into  the  fascia  which  covers  it. 

It  is  covered  by  the  thickened  fascia  of  the  forearm  giving  insertion  to  the 
triceps  muscle.  It  conceals  the  back  of  the  elbow-joint  and  part  of  the  origin  of 
the  supinator  brevis  muscle. 

The  epitrochleo-anconeus  is  an  occasional  small  muscle  arising  from  the  back  of  the  internal 
condyle  of  the  humerus,  and  inserted  into  the  inner  side  of  the  olecranon  process.  It  covers  the 
uhiar  nerve  in  its  passage  to  the  forearm. 

Deep  Muscles. 


The  deep  muscles  on  the  back  of  the  forearm  comprise  five  muscles,  of  which 
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Triceps  (insertion) 


Anconeus  (insertion 


Supinator  radii  brev 
(ulnar  ori 


Flexor  i)rofundus 
digitorum  (origin) 


Biceps  (insertion) 

Supinator  radii  brevis 
(insertion) 


Ex:tensor  ossis  metacarpi 
pollicis  (origin) 


Pronator  radii  teres 
(insertion) 


one,  the  supinator  raciii  brevis,  extends  between  the  ulna  and  radius ;  the  others 
are  extei^sors  of  the  thumb  and  forefinger,:  the  extensor  ossis  metacarpi  pollicis, 
extensor  brevis  and^extensor  longus'^llicis,  and  extensor  indicis. 

The  supinator  radii  brevis  (m.  supinator)  muscle  has  a  complex  origin.  It 
arises  by  fleshy  and  tendinous  fibres  :  (1)  from  the  external  condyle  of  the  humerus  ; 
(2)  from  the 'external  lateral  and  orbicular  ligaments  of  the  elbow-joint;  (3)  from 
the  triangular  surface  on  the  shaft  of  the  ulna  just  below  the  lesser  sigmoid  cavity  ; 
and  (4)  from  the  fascia  over      A/,  ^^^f^t^^  f  ^  f>a<fh  Siy^o^tt^ 

it.  From  this  origin  the 
muscle  spreads  outwards  and 
downwards,  enveloping  the 
upper  part  of  the  radius,  and 
is  inserted  into  the  anterior 
and  outer  surfaces  of  the  bone, 
as  far  forwards  as  the  bicipital 
tubercle,  as  far  upwards  as 
the  neck,  and  as  far  down- 
wards as  the  oblique  line  and 
the  insertion  of  the  pronator 
radii  teres.  The  insertion  of 
the  muscle  in  some  cases  en- 
croaches for  a  variable  dis- 
tance on  to  the  posterior 
surface  of  the  shaft  of  the 
radius  above  the  origin  of  the 
extensor  ossis  metacarpi  pol- 
licis ;  but  the  neck  and  the 
inner  half  of  the  posterior 
surface  of  the  shaft  are  left 
without  muscular  attachment 
(Figs.  271,  p.  351,  and  264,  ^ 
p.  343). 

The  supinator  brevis  is 
deeply  placed,  and  is  un- 
covered only  anteriorly  in 
the  hollow  of  the  elbow.  It 
is  covered  by  all  the  super- 
ficial muscles  on  the  back  of 
the  forearm.  It  conceals  the 
back  of  the  elbow-joint  and 
the  upper  part  of  the  radius. 
At  its  ■  lower  border  is  the 
extensor  ossis  metacarpi  pol- 
licis, separated  from  it  by  the 
posterior  interosseous  artery. 
Trhe  muscle  is  divisible  into 
superficial  and  deep  parts 
with  humeral  and  ulnar 
origins,  between  which  the 
posterior  interosseous  nerve 
passes  in  its  course  to  the 
back  of  the  forearm. 

^  The  extensor  ossis  metacarpi  pollicis  (m.  abductor  pollicis  longus)  arises  by 
fleshy  fibres  below  the  supinator  brevis  from  the  posterior  or  extensor  surfaces  of 
the  shafts  of  the  radius  and  ulna ;  from  the  uppermost  of  the  narrow  impressions  on 
the  outer  half  of  the  posterior  surface  of  the  ulna  ;  from  the  middle  third  of 
the  posterior  surface  of  the  radius ;  and  from  the  intervening  portion  of  the 
interosseous  membrane  (Fig.  271,  p.  351).  Becoming  superficial  in  the  lower  part 
of  the  forearm  along  with  the  extensor  brevis  pollicis,  its  tendon  passes  with  that 


Extensor  longus  poll 
(orig 


Extensor  indicis 
(origin) 


Pronator  quadratu 
(origin)' 


Groove  for  extensor 
carpi  ulnaris 


l^xtensor  brevis  pollicis 
(origin) 


Brachio-radialis/;'  CH^^ 
(insertion)  ' 

Groove  for  tendons  of 
radial  extensors  of 
carpus 

( hoove  for  extensor 
longus  pollicis 


Groove  for  extensor  (  (jniiiiunis 
digitorum  and  extensor  indicis 


Fig.  271. 


-Muscle-Attachments  to  the  Kadius  and  Ulna 
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External  condyle 
of  humerus 


Insertion  of 

TKICKl'S 


Extensor  muscles 
(origin) 


Supinator  UAnii 

BREVIS 

Flexor  CAiti'i 

ULNA  It  LS 


Extensor  carpi 

ULNAR  IS 


muscle  beneath  the  posterior  annular  ligament,  to  be  inserted  into  the  outer  side  of 
the  base  of  the  first  metacarpal  bone  (Fig.  267,  p.  346).    From  the  tendon  close  to 

its  insertion  a  tendinous 
sli]D  passes  to  the  ab- 
ductor pollicis  and  the 
fascia  over  the  thenar 
eminence,  and  another  is 
frequently  attached  to 
the  trapezium. 

At  its  oriffln  the 
muscle  is  deeply  placed 
beneath  the  superficial 
extensor  muscles  and  the 
posterior  interosse- 
ous vessels  and  nerve. 
Above  is  the  supinator 
brevis ;  below  and  inter- 
nally, the  long  and  short 
extensors  of  the  thumb. 
In  the  lower  third  of  the 
forearm  it  becomes  super- 
ficial along  with  the  ex- 
t'erTsor  brevis  pollicis, 
between  the  extensor 
communis  digitorum  and 
the  radial  extensors  of 
the  carpus.  It  covers  the 
last-named  muscles  in_its 
further  course  in  the  fore- 
arm, and  at  the  outer 
side  of  the  carpus  it 
crosses  the  radial  artery. 

The  extensor  brevis 
pollicis  (extensor  primi 
internodii  pollicis),  an 
essentially  human  muscle, 
is  a  specialised  portion  of 
the  previous  muscle.  It 
arises  from  a  rhomboid 
impression  on  the  pos- 
terior surface  of  the 
radius,  extending  from 
the  middle  of  the  bone 
to  within  an  inch  and  a 
half  of  the  lower  end, 
and  from  the  interosseous 
membrane,  below  the  ex- 
tensor ossis  metacarpi 
pollicis  (Fig.  271,  page 
351).  It  is  closely  ad- 
herent to  that  muscle, 
and  accompanies  it  be- 
neath the  posterior 
annular  ligament  and 
over  the  radial  artery  to 
the  thumb.  Its  tendon  is 
then  continued  along  the  back  of  the  first  metacarpal  bone,  and  the  metacarpo- 
phalangeal articulation,  to  be  inserted  into  the  back  of  the  base  of  the  first  phalanx 


Extensor  lono 

I'OLLK 


Extensor 


Dorsal  branch  ot  nlii 


Extensor  minim 
DiGiTi  (tendon) 
Extensor  commi^ni'^ 
DIGITORUM  (tendons) 


Extensor  indici 


Fig.  272. — The  Muscles  of  the  Back  of  the  Forearm  (the 
superficial  muscles  being  rejected). 


of  the  thumb. 


Before  reaching  its  insertion  the  tendon 


helps  to  form  the  capsule 


mus6les^on 
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of  the  metacarpo-phalangeal  joint.  lu  the  forearm  the  muscle  is  deeply  placed 
beneath  the  superficial  extensors,  and  is  separated  from  the  extensor  longus  pollicis 
by  the  posterior  interosseous  nerve. 

The  extensor  longus  pollicis  (extensor  secundi  internodii  pollicis)  arises  from 
the  intermediate  impression  occupying  the  outer  part  of  the  posterior  or  extensor 
surface  of  the  ulna  in  its  middle  third,  and  from  the  interosseous  membrane,  below 
the  extensor  ossis  metacarpi  pollicis  (Fig.  271,  p.  351).  Its  tendon  grooves  the 
back  of  the  radius,  and  occupies  a  special  compartment  beneath  the  posterior 
annular  ligament.  Extending  obliquely  across  the  back  of  the  hand,  it  is  inserted 
into  the  dorsal  surface  of  the  base  of  the  second  phalanx  of  the  thumb. 

The  muscle  is  deeply  placed  beneath  the  superficial  extensors  of  the  forearm, 
and  lies  between  the  extensor  brevis  pollicis  and  the  extensor  indicis.  It  separates 
the  posterior  interosseous  artery  from  the  nerve,  the  latter  passing  beneath  it.  On 
the  back  of  the  hand  the  tendon  crosses  the  radial  artery,  and  helps  to  form  the 
capsule  of  the  first  metacarpo-phalangeal  articulation. 

At  the  wrist  the  tendons  of  the  muscles  of  the  thumb,  the  extensor  ossis  meta- 
carpi pollicis  and  extensor  brevis  pollicis  externally,  and  the  extensor  longus 
pollicis  internally,  bound  a  hollow  (the  "anatomical  snuff-box")  best  seen  in 
extension  and  abduction  of  the  thumb,  which  corresponds  to  the  position  of  the 
radial  artery  as  it  winds  round  the  wrist  to  reach  the  palm  of  the  hand. 

The  extensor  indicis  (m.  extensor  indicis  proprius)  arises  by  fleshy  fibres  below 
the  extensor  longus  pollicis  from  the  lowest  impression  on  the  back  of  the  ulna, 
extending  down  from  the  middle  of  the  shaft  to  within  two  inches  of  its  lower  end, 
and  sometimes  also  from  the  interosseous  membrane  (Fig.  271,  p.  351).  Its  tendon 
passes  through  a  compartment  of  the  posterior  annular  ligament  along  with  the 
tendons  of  the  extensor  communis  digitorum,  and  is  inserted  into  the  forefinger 
joining  the  membranous  expansion  of  the  tendon  of  the  extensor  communis 
digitorum  on  the  dorsum  of  the  first  phalanx. 

Lying  deeply  in  the  forearm,  the  muscle  is  placed  internal  to  the  extensor 
longus  pollicis,  and  covers  the  posterior  interosseous  nerve.  On  the  back  of  the 
hand  its  tendon  lies  on  the  inner  side  of  the  tendon  of  the  common  extensor 
destined  for  the  forefinger. 

Nerve -Supply. 

Four  nerves  are  engaged  in  supplying  the  muscles  of  the  forearm  and  hand — the  median  and) 
ulnar  on  tlie  front,  the  musculo-spiral  and  posterior  interosseous  nerves  on  the  back  of  thel 
limb. 


Muscles. 


Nerves. 


B 


A.  Anterior  Muscles  of  the  Forearm. 

Pronator  radii  tei-es  ^ 
Flexor  carpi  radialis  | 
Palmaris  longifs  j 
Flexor  sublimis  digitorum  J 
Flexor  carpi  ulnaris  .... 

Flexor  profundus  digitorum 

Flexor  longus  pollicus  ) 

Pronator  quadratus     ]      '       '  ' 

Muscles  of  the  Hand. 

Abductor  pollicis  \ 
Opponens  pollicis  I  . 

Flexor  brevis  pollicis  (suiDerficial) ! 
Flexor  brevis  pollicis  (deep)  ] 
Adductor  obliquus  j^ollicis      -  . 
Adductor  trans  versus  pollicis  j 
Lumbricales  1st  and  2nd  . 
Lumbricales  3rd  and  4tli 
Interossei 

Flexor  brevis  miniuii  digiti 
0])ponens  minimi  (Ugiti 
Abductor  minimi  digiti 


Median  .       .       .  . 

Ulnar  .  .  .  . 
/Ulnar  and  Anterior  in- 
\    terosseous  (median) 

Anterior  interosseous  . 


Median 

Uhiar 
Median 

Ulnar 


Origin. 


C.  6. 


C.  8.  T.  1. 

C.  8.  T.  1. 

C.  7.  8.  T.  1. 

C.  7.  8.  T.  1. 


C.  6.  7. 

C.  8.  (T.  1). 
C.  6.  7. 

C.  8.  (T.  1). 
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Muscles. 


Nerves. 


Posterior  Muscles  of  the  Forearm 

l'.i"iclii()-ra(li;ilis  x.'  .o-Uy  ^ 


-^Exleiisor  carpi  radialis  brevior 
"Extensor  coiiununis  digitonun 
"Extensor  minimi  digiti 
—Extensor  carpi  iilnaris 
Anconeus  

-  Supinator  radii  brevis 
-Extensor  ossis  metacarpi  jiollicis 
-Extensor  brevis  j3ollicis 

-  Extensor  longns  pollicis 
--Extensor  indicis 


1  '.'(M 
\  0 


Musculo-spiral 

Posterior  interosseous  \ 
(musculo-s2jiral)  j 

Musculo-sj^iral 


Posterior  interosseous 


Action  of  the  Muscles  of  the  Forearm  and  Hand. 

Tlie  muscles  of  tlie  forearm  and  band  are  concerned  in  the  movements  of  the  elbow,  wrist,  and 
fingers. 

In  lb(^  maj"oritv  of  cases  the  muscles  act  upon  more  than  one  joint. 

1.  Action  on  the  Elbow-Joint. — It  has  been  shown  already  that  flexion  and  extension 
of  the  elbo^\•  are  assisted  by  certain  of  these  muscles.  The  flexor  muscles  are  the  pronator 
radii  teres,  and  the  flexor  muscles  of  the  wrist  and  fingers.  In  the  position  of  pronation,  the 
movement  of  fl(^xion  is  aided  by  the  brachio-radialis  and  extensors  of  the  wrist  and  fingers.  The 
extensors  aiv  llic  supinatoi'  Itrcvis  and  anconeus,  and  the  extensor  muscles  of  the  wrist  and  fingers. 

2.  Pronation  and  supination  of  the  hand  are  pei  formed  by  special  muscles,  aided  by  muscles 
whicli  act  also  uptm  other  joints.  The  brachio-radialis  assists  in  flexion  and  2)ronation  on  the  one 
hand,  and  in  extension  and  supination  on  the  other  hand.  In  the  supine  position  it  assists 
pronation,  and  in  the  prone  position  it  assists  su2:)ination,  in  each  case  bringing  the  hand  into 
tlxe  position  intermediate  between  jDronatioii  and  suptination. 


Pronation. 

Supination. 

Pronator  radii  teres 
Pronator  quadi'atiis 
Brachio-radialis 
Flexor  carpi  radialis 
Weight  of  the  limb 

Suj)inator  radii  brevis 
Biceps 

Brachio-radialis 

Extensors  of  thumb  and  fingers 

Weight  of  the  limb 

3.  Action  on  the  Wrist- Joint. — The  movements  at  the  wrist-joint  are  flexion  and  extension, 
abduction  and  adduction.  Flexion  and  adduction  are  much  more  extensive  movements  than 
extension  and  abduction,  on  account  of  the  form  of  the  wrist-joint.  The  following  muscles  j^ro- 
duce  these  movements  : — 


Flexion. 

Extension. 

Adduction. 

Abduction. 

Flexor  carjn  radialis 
Palmar  is  longus 
Flexor  carjji  uliiaris 
Long  flexors  of 
thumb  and  fingers 

Extensors  of  the  wrist 
Extensors   of  thumb 
and  fingers 

Flexor  carjji  ulnaris 
1  Extensor  carp>i  ulnaris 

Flexor  carpi  radialis 
Extensors  of  wrist 
Extensors  of  thumb 

4.  Movements  of  the  Fingers. — Two  separate  series  of  movements  occur  in  relation  to  the 
articulations  of  the  fingers :  flexion  and  extension  (at  the  metacarjjo-i^halangeal  and  inter- 
phalangeal  joints),  and  abduction  and  adduction  (only  at  the  metacarpo-phalangeal  joints).  The 
movements  and  the  muscles  concerned  are  given  in  the  following  tables  : — 


Flexion. 

Extension. 

Flexor  subliinis  digitorum 
Flexor  jjrofuiidus  digitorum 
Lumbricales  \{acting  on  the  metacarpo- 
Interossei       /  phalangeal  articulations) 
Flexor  brevis  minimi  digiti 

Extensor  communis  digitorum 

Extensor  indicis 

Extensor  minimi  digiti 

Lumbricales     {acting  on  the  inter -phal- 

Interossei      j  angeal  articulations) 
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Abduction. 

Adduction. 

Lumbricales  ^ 

Flexor  brevis  and  I  (from  the  inner  side 
Opponens  minimi  "    of  tlie  hand) 
digiti  J 

r  (from     the  middle 
Dorsal  interossei  J     line  of  the  middle 

[  finger) 

/  (to  the  middle  line 
Palmar  interossei  |     of    the  middle 
[  linger) 

Flexion  is  more  powerfnl  and  complete  than  extension  of  the  fingers.  The  flexor  profundus 
digitorum  alone  acts  on  the  terminal  phalanges  ;  the  flexor  snblimis  and  flexor  p»rofundus  together 
flex  the  proximal  inter-phalangeal  joint ;  and  flexion  of  the  metacarpo -phalangeal  articulation  is 
effected  by  these  muscles,  assisted  by  the  interossei,  lumbricales,  and  flexor  brevis  minimi  digiti. 
Extension  of  the  phalanges  is  effected  l)y  the  united  action  of  the  extensors  of  the  digits,  the 
interossei  and  lumbricales  ;  extension  of  the  fingers  at  the  metacarpo-plialangeal  joints  is  produced 
solely  by  the  long  extensor  muscles.  Separate  extension  of  the  index  finger  only  is,  jwssible  ;  the 
three  inner  fingers  can  only  be  flexed  and  extended  together,  on  account  of  the  connecting  bands 
joining  the  extensor  tendons  together  on  the  back  of  the  hand. 

5.  Movements  of  the  Thumb. — The  movements  of  which  the  thumb  is  capable  are  flexion 
and  extension  (occurring  at  the  carpo-metacarpal,  metacarpo-phalangeal,  and  inter-phalangeal 
joints) ;  abduction  and  adduction,  together  with  circumduction  (occurring  at  the  carpo-metacarpal 
joint). 

The  muscles  and  their  respective  actions  are  given  in  the  following  table 


Flexion. 

Extension. 

Opponens  pollicis  {  («arpo-metacarpal 

Flexor  brevis^  (carpo  -  nietacarj)al  and 
Adductors      r  metacarjDO-phalangeal 
Abductor       J  joint) 
Flexor  longus  pollicis  (all  joints) 

Extensor  ossis  nieta-  j  (carpo-metacarpal 

carpi  pollicis         I  joint) 

,         1      .  f  (carpo-metacarpal  and 
Jlixtensor  brevisj  ^     ^  .             ^  ^ 

ly    ^           1     metacarpo  -  phalan- 
po  icis           1^     g^^j  joint) 

Extensor  longus  pollicis  (all  joints) 

Adduction. 

Abduction. 

Adductors  of  the  thumb 
Flexor  brevis  |  -^Q^^^^jg 
Opponens 

First  dorsal  interosseous 

Abductor  pollicis 
Extensors  of  the  thumb 

Circumduction — a  combination  of  the  above  nniscles. 

The  characteristic  features  of  the  movements  of  the  upper  limb  are  their  range  and 
refinement.  The  hand,  in  addition  to  its  intrinsic  powers,  can  be  moved  through  a 
wide  range  and  in  several  planes  by  the  muscles  acting  on  the  wrist  and  radio-ulnar 
joints ;  this  range  is  increased  by  the  fore  and  aft  movements  at  the  elbow-joint,  and  the 
extensive  movements  of  which  the  shoulder  and  clavicular  joints  are  capable.  The 
result  is  that  the  hand  can  be  brought  into  a  position  to  cover  and  guard  any  portion 
of  the  body.  The  precision  and  refinement  of  movement  is  made  possible  by  the  co- 
ordinate movements  of  the  various  muscles  acting  upon  the  several  joints,  so  that 
actions  can  be  performed  (as  raising  the  food  to  the  mouth)  in  which  all  the  articulations  of 
the  limb  are  brought  into  play ;  while  others  (such  as  writing)  are  possible  by  movements 
at  the  joints  of  the  wrist  and  fingers  along  with  fixation  of  the  elbow-joint. 

THE  LOWER  LIMB. 
■     FASCIA  AND  MUSCLES  OF  THE  THIGH  AND  BUTTOCK. 

FASCLE. 

The  superficial  fascia  of  the  thigh  and  buttock  is  contiuuou8  above  with  the 
fascia  of  the  abdomen  and  bacl<:,  internally  with  that  of  the  perineum,  and  below 
with  that  of  the  leg.    It  presents  noticea])le  features  in  the  buttock  and  groin. 
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Superficial  layer  of 
superficial  fascia 


icial  (lircuiiiflex  iliac  vessels 
Inguinal  lymphatic  glands 

Deep  layer  of  superficial  fascia 
Femoral  lymphatic  glands 


Geuito-crural  nerve 
Superficial  layer  of 


Deei>  layer  of 
superficial  fascia 
Superficial 
epigastric  vessels 
Superficial  layer  of 
superficial  fascia 

Superior  external 
pudic  vessels 

Ilio-inguinal  nerve 
Spermatic  cord 


superficial  fascia 


Internal  saphenous  veil 


In  the  buttock  the  superficial  fascia  is  of  considerable  thickness,  and  is  usually 
loaded  with  fat,  whereby  it  assists  in  forming  the  contour  of  the  buttock  and  the 
fold  of  the  nates. 

In  the  groin  it  is  divisible  into  two  layers :  a  superficial  fatty  layer,  continuous 
with  a  similar  layer  on  the  front  of  the  abdominal  wall  above,  and  over  the 
perineum  internally,  and  a  deeper  membranous  layer,  which  is  attached  above  to 
the  inner  half  of  Poupart's  ligament,  and  to  the  deep  fascia  of  the  thigh  just  below 
the  outer  half  of  that  ligament.  Internally  it  is  attached  to  the  pubic  arch,  and 
below  the  level  of  Scarpa's  triangle  it  blends  inseparably  with  the  superficial  fatty 

layer.  The  separa- 
tion of  these  two 
layers  of  the  super- 
ficial fascia  is  oc- 
casioned by  the 
presence  between 
them  of  the  femoral 
and  inguinal  lym- 
phatic glands,  the 
internal  sa}  henous 
vein  and  its  tribu- 
taries, and  some 
small  arteries.  The 
attachment  of  the 
deeper  layer  of  the 
fascia  to  the  pubic 
arch  and  Poupart's 
ligament  cuts  off 
the  superficial 
tissues  of  the  thigh 
from  the  perineum 
and  the  anterior 
abdominal  wall, 
and  prevents  the 
passage  down  the 

thigh  of  riuid  collected  in  the  perineum  or  beneath  the  fascia  of  the  anterior 
abdominal  wall. 

The  deep  fascia  or  fascia  lata  forms  a  tu])ular  investment  for  the  muscles  and 
vessels  of  the  thigli  and  buttock.  Tt  is  firmly  attached  above  to  the  iliac  crest,  the 
great  sacro-sciatic  ligament,  the  ischium,  the  pubic  arch,  the  pubic  symphysis  and 
crest,  and  Poupart's  ligament.  Below,  in  relation  to  the  knee,  it  is  continuous 
with  the  deep  fascia  of  the  leg,  gains  attachment  to  the  patella,  the  tuberosities  of 
the  tibia  and  the  head  of  the  fibula,  and  forms  the  lateral  ligaments  of  the  patella. 

On  the  front  of  the  thigh  the  deep  fascia  is  thick  and  strong.  It  is  pierced 
by  numerous  openings  for  vessels  and  nerves,  the  most  important  of  which  is 
the  saphenous  opening  for  the  internal  saphenous  vein.  A  femoral  hernia  passes 
through  this  opening  to  reach  the  front  aspect  of  the  anterior  abdominal  wall.  It 
is  an  oval  opening  of  variable  size  situated  just  below  the  inner  half  of  Poupart's 
ligament,  and  immediately  in  front  of  the  femoral  vessels.  It  is  covered  by 
the  superficial  fascia,  and  by  a  special  layer  of  fascia,  the  cribriform  fascia,  a 
thin  perforated  lamina,  attached  to  the  margins  of  the  opening.  The  outer  edge 
of  the  opening  is  formed  by  the  margin  of  the  iliac  fortion  of  the  fascia  lata, 
which  is  attached  above  to  the  iliac  crest  and  Poupart's  ligament ;  the  inner 
edge  is  formed  by  the  pubic  portion  of  the  fascia  lata,  which  is  continued  upwards 
behind  the  femoral  sheath,  over  the  adductor  longus  and  pectineus  muscles  to 
the  ilio-pectineal  line  and  the  capsule  of  the  hip-joint.  These  two  layers  of  the 
fascia  lata  are  continuous  at  the  low^er  concave  margin  of  the  saphenous  opening, 
forming  its  inferior  cornu.  As  they  pass  upwards  towards  the  pelvis  they  occupy 
different  planes,  the  iliac  portion  being  in  front  of  the  femoral  sheath,  while  the 
pubic  portion  of  the  fascia  is  behind  it.    The  superior  cornu  of  the  saphenous  opening. 


Fig.  273. — Thk  Groin. 


Struct QRES  between  the  Layers  of  the 
Superficial  Fascia. 
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placed  in  front  of  the  sheath,  is  derived  solely  from  the  iliac  portion  of  the  fascia  lata. 
It  forms  a  strong  triangular  band  of  fascia  attached  above  to  the  inner  half  of 
Poupart's  ligament,  and  is  known  as  the  falciform  ligament.  It  has  an  important 
share  in  directing  the  course  of  a  femoral  hernia  upwards  on  to  the  abdominal 
wall. 

Internally  in  relation  to  the  adductor  muscles  of  the  thigh  the  fascia  lata 
becomes  much  thinner.  At  the  knee  it  is  associated  with  the  tendons  of  the  vasti 
muscles,  and  forms  the  lateral  ligaments  of  the  patella,  attached  to  the  borders  of 
the  patella  and  to  the  tuberosities  of  the  tibia.    Externally  it  gives  rise  to  the 


Obliqlius  externus  muscle 
Aponeurosis  of  obliquus  externus 
Intercolunniar  fibres 

Poupart's  ligament 

Iliac  portion  of  fascia  lata 

External  cutaneous  nerve 

Falciform  ligament_ 
Crural  sheath  _ 
Femoral  vein-- 
Femoral  artery. 
Genito-crural  nerve 
Inferior  cornu  of  saphenous 
opening 

Femoral  lymphatic  gland 
Internal  saphenous  vein 


Eleventh  thoracic  nerve 
Twelfth  thoracic  nerve 


llio-hypogastric  nerve 

l,\t(  inal  )  pjijj^j,g  Qf  external  abdominal  ring 
lutt  inal  P 

1  xtcinal  abdominal  ring  and  spermatic  cord 


Suspensory  ligament  of  penis 
Iho-mguinal  nerve 


Body  of  penis 

Dartos  muscle  of  scrotum 


Middle  cutaneous  nerve 

Middle  cutaneous  nerve  Pubic  portion  of  fascia  lata 

Fig.  274. — The  Groin — the  Structures  seen  on  removal  of  the  Superficial  Fascia. 


ilio-tibial  band — a  broad  thick  layer  of  fascia  which  is  attached  above  to  the  iliac 
crest,  and  receives  the  insertions  of  two  muscles  in  the  upper  part  of  the  thigh — 
the  tensor  fasciae  femoris,  and  part  of  the  gluteus  maximus ;  it  is  attached  below 
to  the  capsule  of  the  knee-joint  and  the  outer  tuberosity  of  the  tibia.  The  fascia 
beneath  the  tensor  fasciae  femoris  muscle,  continued  upwards  from  the  ilio-tibial 
band,  sends  a  strong  band  inwards  which  joins  the  origin  of  the  rectus  femoris  and 
the  capsule  of  the  hip-joint. 

On  either  side  of  the  thigh  above  the  knee  an  intermuscular  septum  is  formed ; 
the  external  intermuscular  septum  extends  inwards  from  the  ilio-tibial  band  to  the 
external  supra-condyloid  ridge  and  linea  aspera  of  the  femur,  and  gives  attachment 
to  the  vastus  externus  and  crureus  in  front,  and  the  short  head  of  the  biceps  behind. 
The  internal  intermuscular  septum  is  more  complex.  It  is  represented  by  a  layer  of 
fascia  which  forms  separate  envelopes  for  the  gracilis  and  sartorius  muscles,  and 
in  the  upper  and  middle  thirds  of  the  thigh  encloses  the  adductor  muscles.  In  the 
middle  third  of  the  thigh  the  fascia  is  specially  thickened  by  transverse  fibres 
connecting  together  the  adductor  muscles  and  the  vastus  internus.  This  sheet  of 
fascia  forms  a  special  aponeurosis  beneath  the  sartorius,  which  roofs  over  the 
femoral  artery  in  Hunter's  canal.  In  the  lower  third  of  the  thigh  the  intermuscular 
septum  is  closely  associated  with,  and  is  to  a  laVge  extent  represented  by,  the 
tendon  of  the  adductor  magnus  muscle. 

The  fascia  lata  of  the  buttock  is  thick  anteriorly  where  it  covers  and  gives  origin 
to  tlie  gluteus  medius,  thinner  posteriorly  over  the  gluteus  maximus,  at  the  upper 
border  of  which  it  splits  to  enclose  the  muscle.    It  is  greatly  thickened  over  the 
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region  of  the  great  trochanter,  where  it  forms  the  insertion  of  the  greater  part  of 
the  same  muscle. 

On  the  back  of  the  thigh  and  over  the  popliteal  space  the  fascia  is  strengthened 
by  transverse  fibres  derived  from  the  hamstring  muscles.    The  popliteal  fascia 


Fig.  275. — Superficial  Muscles  of  the  Back. 


forming  the  roof  of  the  popliteal  space  is  specially  thick,  and  is  usually  pierced 
by  the  external  saphenous  vein. 

A  femoral  hernia  appears  in  the  thigh  through  the  saphenous  opening,  thereafter 
passing  upwards  over  Poupart's  ligament  to  the  anterior  abdominal  wall. 

Femoral  Sheath. —  This  is  a  conical  membranous  investment  for  the  femoral 
vessels,  prolonged  into  Scarpa's  triangle  beneath  Poupart's  ligament,  and  con- 
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tinuous  above  with  the  internal  fascial  lining  of  the  abdominal  wall,  formed  by 
the  fascia  transversalis  in  front  and  the  fascia  iliaca  behind.  The  sheath  is 
divided  into  three  compartments — an  external  space  for  the  artery,  an  inter- 
mediate space  for  the  vein,  and  an  internal  channel  containing  lymphatics,  and 
named  the  crural  canal.  The  wall  of  this  is  known  as  the  crural  sheath.  This 
canal  is  the  passage  through  which  a  femoral  hernia  enters  the  thigh.  Its  upper 
limit  is  the  crural  ring,  placed  behind  Poupart's  ligament  in  front  of  the  origin  of 
the  pectineus  muscle  from  the  pubis  ;  it  is  bounded  internally  by  Gimbernat's 
ligament,  and  externally  by  the  femoral  vein.  In  front  of  it  the  fascia  trans- 
versalis forming  the  sheath  is  thickened  to  form  the  deep  crural  arch.  The  part  of 
Poupart's  ligament  in  front  of  the  ring  is  called  the  superficial  crural  arch.  The 
deep  epigastric  artery  separates  the  crural  ring  from  the  internal  abdominal  ring. 
The  crural  canal  ordinarily  contains  fat  which  is  continuous  above  with  the  extra- 
peritoneal tissue.  The  crural  ring  is  filled  by  a  plug  of  fat  or  a  lymphatic  gland, 
constituting  the  crural  septum. 

The  crural  canal  ends  behind  the  saphenous  opening,  covered  by  the  cribriform 
fascia ;  the  falciform  ligament  crosses  over  it  and  conceals  its  upper  portion.  The 
course  of  a  femoral  hernia  is  determined  by  this  band  of  the  fascia  lata.  The  hernia 
descends  through  the  crural  ring,  pushing  the  crural  septum  before  it ;  it  traverses 
the  crural  canal,  and  is  directed  forwards  through  the  saphenous  opening.  The 
anterior  part  of  the  hernia  being  pressed  upon  and  retarded  by  the  crural  arches 
and  by  the  falciform  ligament,  the  posterior  part  pushes  onwards,  hooks  round  the 
falciform  ligament,  and  is  directed  upwards  over  Poupart's  ligament.  The  cover- 
ings of  a  femoral  hernia,  in  addition  to  peritoneum  and  extra-peritoneal  tissue 
(crural  septum),  are  crural  sheath,  cribriform  fascia,  superficial  fascia,  and  skin. 

THE  MUSCLES  ON  THE  FRONT  OF  THE  THIGH. 

The  muscles  on  the  front  of  the  thigh  include  the  sartorius,  quadriceps  extensor, 
ilio-psoas,  and  pectineus  muscles. 

The  sartorius,  a  long  strap-like  muscle  stretching  obliquely  across  the  thigh, 
arises  by  short  tendinous  fibres  from  the  anterior  superior  spine  of  the  ilium  and 
half  of  the  notch  below  it  (Fig.  285,  p.  369).  It  passes  down  the  thigh  to  the 
inner  side  of  the  knee,  where  it  is  inserted  by  aponeurotic  fibres  into  the  inner 
surface  of  the  shaft  of  the  tibia  just  below  the  inner  tuberosity,  and  by  its  borders 
into  fascial  expansions  which  join  the  capsule  of  the  knee-joint  and  the  fascia 
lata  of  the  leg  (Fig.  279,  p.  363).  An  expansion  from  the  upper  part  of  the 
tendon  of  insertion  is  attached  along  an  oblique  line,  which  is  directed  downwards 
and  backwards,  above  the  attachment  of  the  gracilis,  to  the  internal  lateral  ligament 
of  the  knee-joint,  with  which  it  is  connected. 

The  sartorius  is  superficial  in  its  whole  extent.  It  is  so  twisted  on  itself  that 
in  the  upper  third  of  its  length  its  superficial  surface  looks  forwards,  in  the  lower 
third  inwards,  at  the  side  of  the  knee.  It  passes  diagonally  down  the  thigh,  separat- 
ing the  quadriceps  extensor  externally  from  the  adductor  muscles  internally.  Its 
upper  third  forms  the  outer  boundary  of  Scarpa's  triangle  ;  its  middle  third  forms 
the  roof  of  Hunter's  canal ;  and  its  lower  third,  in  contact  with  the  inner  side  of  the 
knee,  is  separated  from  the  tendon  of  the  gracilis  muscle  by  the  long  saphenous 
nerve  and  a  branch  of  the  anastomotic  artery.  A  bursa  lies  beneath  the  tendon  at 
its  insertion.  The  sartorius  conceals  in  its  upper  third  the  external  circumflex 
vessels  and  branches  of  the  anterior  crural  nerve,  and  it  covers  the  femoral  vessels 
in  Hunter's  canal. 

The  quadriceps  extensor  (m.  quadriceps  femoris)  lies  between  the  sartorius 
on  the  one  hand  and  the  tensor  fasciae  femoris  and  ilio-tibial  band  on  the  other ; 
it  is  composed  of  four  muscles — the  rectus  femoris,  vastus  externus,  crureus,  and 
vastus  iriternus. 

The  rectus  femoris  has  a  doul)le  tendinous  origin.  (1)  The  straight  head 
arises  from  the  anterior  inferior  spine  of  the  ilium  (Fig.  282,  p.  366);  (2)  the 
reflected  head  springs  from  a  rough  groove  on  the  dorsum  ilii  just  above  the 
highest  part  of  the  acetabulum  (Fig.  285,  p.  369;.     A  bursa  lies  beneath  this 
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head  of  origin.  The  two  heads,  bound  together  and  connected  to  the  capsule  of 
the  hip-joint  by  a  band  of  fascia  derived  from  the  under  surface  of  the  tensor 
fasciae  femoris  (ilio-tibial  band),  give  rise  to  a  single  tendon  which  extends  for 


Gluteus  medius 
Iliacus 


Tensor  fascia  femori'- 


— Poupart's  ligament 

 ^Anterior  ci'ural  nerve  (with 

1  ,      branch  to  pectineus) 


Fascia  lata  and  ilio-tibial 
band 

Nerve  and  artery  to 
vastus  extern  us 


Crureus. 


Fascia  lata  and  ilio-tibial 
band 


Vastus  externus. 


Tendon  of  quadriceps  Exri-X'^on 


Lateral  ligament  of  patella 


Ligamentum  patella 


Jjiteral  ligament  of  i^atella 


Insertion  of  sartorius 


Fig.  276. — Tue  Muscles  on  the  Front  of  the  Thigh. 

some  distance  on  the  front  of  the  muscle,  and  from  which  the  muscular  fibres  arise. 
The  muscular  fibres  springing  from  this  tendon,  and  also  from  a  median  septal 
tendon,  present  a  bipennate  arrangement,  and  end  below  in  a  broad  tendon  which 
passes  upwards  for  some  distance  along  the  posterior  surface  of  the  muscle.  This 
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tendon  gradually  narrows  towards  the  knee,  and  spreading  out  again,  is  inserted 
into  the  upper  border  of  the  patella.  It  receives  laterally  parts  of  the  insertions 
of  the  vasti  muscles,  and  on  its  deep  surface  is  joined  by  the  tendinous  insertion 
of  the  crureus. 

The  rectus  femoris  is  superfici  il  except  at  its  origin,  which  is  covered  by  the 
glutei,  tensor  fascias  femoris,  and  sartorius  muscles.  On  its  inner  side  lie  the 
iliacus,  sartorius,  and  vastus  intern  us  ;  on  its  outer  side  are  the  tensor  fasciae  femoris 
and  vastus  externus.  it  conceals  the  crureus  muscle  and  branches  of  the  external 
circumflex  artery  and  anterior  crural  nerve.  A  bursa,  which  communicates  with 
the  synovial  membrane  of  the  knee-joint,  lies  beneath  its  tendon  in  front  of  the 
lower  end  of  the  shaft  of  the  femur. 

The  vastus  externus  (m.  vastus  lateralis)  has  an  origin,  partly  fleshy,  partly 
membranous,  (1)  (slightly)  from  the  capsule  of  the  hip-joint,  (2)  from  the  tubercle 
of  the  femur,  (3)  from  a  concave 
surface  on  the  front  of  the  shaft 
of  the  bone  internal  to  the  great 
trochanter,  (4)  from  the  lower  border 
of  the  great  trochanter,  (5)  from  the 
outer  margin  of  the  gluteal  ridge 
of  the  femur  and  the  tendon  of  the 
gluteus  maximus,  (6)  from  i^pppr 
half  of  the  linea  aspera,  and  (7)  from 
the  fascia  lata  and  external  inter- 
muscular septum  (Fig.  277,  p.  361). 

It  forms  a  thick,  broad  muscle 
directed  downwards  and  forwards, 
and  is  inserted  by  a  broad  mem- 
branous tendon  into  (1)  the  outer 
border  of  the  tendon  of  the  rectus 
femoris,  (2)  the  upper  and  outer 
border  of  the  patella,  and  (3)  the 
capsule  of  the  knee-joint,  and  the 
external  lateral  ligament  of  the 
patella.  The  vastus  externus  is 
covered  superficially  by  the  fascia 
lata  and  the  ilio- tibial  band.  A 
bursa  intervenes  between  it  and  the 


Gluteus  luuumu 
(insertion) 


Vastus  mternus 
(origin) 


Crureus  (origin) 


membranous  insertion  of  the  gluteus 


Pyi'iforniis  (insertion) 


Gluteus  medius 
(insertion) 


Vastus  externus  (origin) 


Fig.  277. — Muscle-Attachments  to  the  Anterior 
Surface  of  the  upper  part  of  the  Femur. 


maximus  :  at  its  inner  border  is  the 
rectus  femoris ;  and  under  cover  of 
it,  on  a  deeper  plane,  is  the  crureus,  which  is  also  to  a  large  extent  concealed  by 
the  muscle.  Between  the  vastus  externus  and  crureus  is  the  descending  branch  of 
the  external  circumflex  artery. 

The  vastus  internus  (m.  vastus  medialis)  is  larger  than  the  vastus  externus 
and  has  a  more  extensive  origin,  from  (1)  the  shaft  of  the  femur — from  the  lower 
two-thirds  or  more  of  the  spiral  line,  the  linea  aspera,  and  the  upper  two-thirds 
of  the  line  leading  from  the  linea  aspera  to  the  internal  condyle  of  the  femur; 
(2)  the  membranous  expansion  of  the  fascia  lata  which  lies  beneath  the  sartorius 
and  forms  the  roof  of  Hunter's  canal ;  and  (3)  the  internal  intermuscular  septum 
and  the  tendon  of  the  adductor  magnus  (Figs.  277,  p.  361,  and  281,  p.  365). 

From  its  origin  the  muscle  is  directed  downwards  and  outw^ards  towards  the 
knee ;  it  is  inserted  by  a  strong  aponeurotic  tendon  into  (1)  the  inner  border  of  the 
rectus  tendon  ;  (2)  the  upper  and  inner  border  of  the  patella  ;  and  (3)  the  capsule  of 
the  knee-joint  and  the  internal  lateral  ligament  of  the  patella.  The  vastus 
internus  is  superficial  except  at  its  origin,  which  is  concealed  by  the  sartorius 
muscle  and  femoral  vessels.  Along  its  outer  side  are  the  rectus  and  crureus ; 
the  muscle  conceals  the  inner  side  of  the  shaft  of  the  femur  and  the  crureus, 
with  which  it  is  closely  incorporated  in  its  lower  two-thirds. 

The  crureus  muscle  (m.  vastus  intermedius)  arises  by  fleshy  fibres  (1)  from  the 
26 
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upper  two- thirds  of  the  shaft  of  the  femur  on  the  anterior  and  external  surfaces, 
(2)  from  the  lower  half  of  the  outer  lip  of  the  linea  aspera  and  the  ^upper  part 
of  the  Jme  leading  therei'rom  to  the  external  condyle,  as"  well  as  (S)  from  a 
corresponding  portion  of  the  external  intermuscular  septum  (Fig.  277,  p.  361). 

For  the  most  part  deeply  placed,  the  muscle  is  directed  downwards  to  an 
insertion  into  the  deep  surface  of  the  tendons  of  the  rectus  and  vasti  muscles  by 
means  of  fibres  which  join  a  membranous  expansion  on  its  surface. 

The  crureus  is  concealed  by  the  rectus  and  vasti  muscles,  and  externally,  in 
the  lower  half  of  the  thigh,  by  the  ilio- tibial  band.  It  is  closely  adherent  to  the 
vastus  externus  muscle  in  the  middle  third  of  the  thigh ;  it  is  inseparable  from 
the  vastus  internus  below  the  upper  third.     Beneath  the  crureus  is  the  femur ; 


Great  sciatic  nerve 

Fig,  278. — Transverse  Section  of  the  Thigh  (Hunter's  Canal). 


and  in  the  lower  third  of  the  thigh  it  conceals  the  subcrureus  muscle,  a  bursa,  and 
the  upward  prolongation  of  the  synovial  membrane  of  the  knee-joint. 

The  subcrureus  consists  of  a  number  of  separate  bundles  of  muscular  fibres 
arising  beneath  the  crureus  from  the  lower  fourth  of  the  front  of  the  femur,  and 
inserted  into  the  synovial  membrane  of  the  knee-joint  beneath  the  tendon  of  the 
rectus  femoris. 

The  four  elements  composing  the  quadriceps  extensor  muscle  have  been  traced 
in  their  convergence  to  the  patella  and  the  lateral  ligaments  of  the  patella.  Their 
ultimate  insertion  is  into  the  tibia  (Fig.  279,  p.  363),  by  means  of  the  ligamentum 
patellae  and  the  lateral  ligaments  of  the  patella.  The  patella,  indeed,  is  in  one  sense 
a  sesamoid  bone  formed  in  the  tendon  of  the  muscle,  the  ligamentum  patellae  being 
the  real  tendon  of  insertion,  and  the  lateral  ligaments  fascial  expansions  from 
its  borders.  The  insertion  of  the  muscle  forms  the  front  of  the  capsule  of  the 
knee-joint. 

The  ilio-psoas  muscle  is  a  compound  muscle,  consisting  of  one  or  sometimes 
two  elements, — psoas  (magnus  and  parvus),  connecting  the  femur  and  pelvic  girdle  to 
the  axial  skeleton;  and  another  element,  the  iliacus,  extending  between  the 
innominate  bone  and  the  femur.  The  muscles  chiefly  occupy  the  posterior  wall  of 
the  abdomen  and  false  pelvis,  their  insertions  only  appearing  in  the  thigh  below 
Poupart's  ligament. 

The  psoas  magnus  (m.  psoas  major)  is  a  large  pyriform  muscle,  which  has  an 
extensive  origin  by  fleshy  fibres  from  the  vertebral  column  in  the  lumbar  region. 
It  arises  (1)  from  the  intervertebral  discs  above  each  lumbar  vertebra,  and  from  the 
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adjacent  margins  of  the  vertebrie — from  the  lower  border  of  the  12th  thoracic 
to  the  upper  border  of  the  5th  himbar  vertebra;  (2)  it  arises  also  from  four 
aponeurotic  arches  which  pass  over  the  sides  of  the  bodies  of  the  first  four 
lumbar  vertebrse  ;  and  (3)  it  has  an  additional  origin  posteriorly  from  the  transverse 
processes  of  all  the  lumbar  vertebrse.  The  fibres  form  a  fusiform  muscle  directed 
downwards  over  the  pelvic  brim  and  beneath  Poupart's  ligament,  ending  in  a 
tendon  which  is  inserted  into  the  apex  of  the  lesser  trochanter  of  the  femur  (Fig. 
281,  p.  365). 

The  psoas  muscle  occupies  the  posterior  abdominal  wall,  the  false  pelvis,  and 
the  thigh.  In  the  abdomen  it  lies  in  the  groove  alongside  the  bodies  of  the  lumbar 
vertebne,  in  front  of  the  transverse  pro- 
cesses, and  is  enveloped  by  a  fascia 
derived  from  the  lumbar  aponeurosis. 
The  abdominal  viscera  in  contact  with 
it  are :  the  kidney  and  colon  on  both 
sides,  with  the  duodenum  on  the  right, 
and  the  pancreas  on  the  left  side.  The 
ureter  is  in  front  of  it,  along  with  the 
spermatic  or  ovarian,  the  renal  and  colic 
vessels.  The  inferior  vena  cava  is  in 
front  of  the  right  muscle ;  the  inferior 
mesenteric  vein  is  in  front  of  that  of  the 
left  side.  The  lumbar  plexus  is  em- 
bedded in  its  substance,  and  the  nerves 
of  distribution  emerge  from  its  surface 
and  borders.  In  the  false  pfijxLs  the 
psoas  covers  the  pelvic  brim,  and  is 
covered  by  the  ureter,  the  iliac  vessels, 
the  ileum  on  the  right  side,  and  the 
iliac  colon  on  the  left  side.  The  vas 
deferens  and  spermatic  vessels  cross  over 
it  just  above  Poupart's  ligament.  In 
Scarpa's  triangle  the  tendon  is  behind 
the  femoral  vessels,  between  the  iliacus 
and  pectineus,  and  in  front  of  the 
obturator  externus  muscle  and  the  hip- 
joint.  A  bursa,  which  may  be  con- 
tinuous with  the  synovial  cavity  of  the 
hip-ioint,  separates  the  tendon  from  the  F^^-  279.-Muscle-Attachments  to  the  inner  side 
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pubis  and  the  capsule  oi  the  hip-jomt. 

The  psoas  parvus  (m.  psoas  minor)  is  often  absent  (40  per  cent).  It  arises  by 
fleshy  fibres  from  the  intervertebral  disc  between  the  last  thoracic  and  first  lumbar 
vertebrae,  and  from  the  contig-uous  margins  of  these  vertebrse.  The  muscle  is 
closely  apposed  to  the  anterior  surface  of  the  psoas  magnus.  It  forms  a  slender 
fleshy  belly,  and  is  inserted  by  a  narrow  tendon  into  the  middle  of  the  ilio-pectineal 
line  and  the  ilio-pectineal  eminence,  its  margins  blending  with  the  fascia  covering 
the  psoas  magnus. 

The  iliacus  muscle  arises  by  fleshy  fibres,  mainly  from  a  horseshoe- shaped 
origin  around  the  margin  of  the  iliac  fossa ;  it  has  additional  origins  also  from 
the  ala  of  the  sacrum,  the  anterior  sacro-iliac,  lumbo-sacral,  and  ilio-lumbar 
ligaments,  and  outside  the  pelvis,  from  the  upper  part  of  the  ilio-femoral  band. 
It  is  a  fan-shaped  muscle,  its  fibres  passing  downwards  over  the  hip-joint  towards 
the  small  trochanter  of  the  femur.  It  is  inserted  by  fleshy  fibres  (1)  into  the 
outer  side  of  the  tendon  of  the  psoas  magnus ;  (2)  into  the  concave  anterior  and 
upper  surfaces  of  the  small  trochanter  ;  and  (3)  into  the  shaft  of  the  femur  below 
the  small  trochanter  for  about  an  inch  (Fig.  281,  p.  365);  and  (4)  by  its  most 
external  fibres  into  the  capsule  of  the  hip-joint.  These  fibres  are  often  separate, 
forming  the  iliacus  minor,  or  ilio-capsularis. 

The  muscle  occupies  the  false  pelvis  and  Scarpa's  triangle.    It  forms  the  back 
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wall  of  the  false  pelvis  and  is  covered  anteriorly  by  the  iliac  fascia.  It  is  in 
contact  with  the  caecum  on  the  right  side  and  the  iliac  colon  on  the  left  side. 
The  psoas  muscle  lies  along  its  inner  border,  with  the  anterior  crural  nerve  in  the 
interval  between  them.  After  passing  beneath  Poupart's  ligament,  and  over  the 
capsule  of  the  hip-joint,  the  muscle  occupies  the  outer  part  of  the  floor  of  Scarpa's 
triangle,  internal  to  the  sartorius  and  rectus  femoris  muscles. 
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Fig.  280. — View  of  the  Postekior  Abdominal  Wall,  to  show  the  Muscles  and  the  Nerves  of 
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The  pectineus  muscle  arises  by  fleshy  fibres  from  the  sharp  anterior  portion 
of  the  ilio-pectineal  line  of  the  pubis,  and  from  the  triangular  surface  of  the 
pubic  ,bone  in  front  of  this  (Fig.  282,  p.  366).  It  also  arises  from  the  femoral 
surface  of  Gimbernat's  ligament,  and  from  the  pubic  portion  of  the  fascia  lata  which 
covers  it.  Forming  a  broad  muscular  band,  it  is  directed  obliquely  downwards, 
backwards,  and  outwards,  to  be  inserted  by  a  thin  flat  tendon  about  two  inches 
in  length  into  the  upper  half  of  the  pectineal  line  leading  from  the  back  of  the 
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Glutens  mpchus 
(insertion) 


small  trochanter  of  the  femur  towards 
being   placed   in   front  of  the 
insertion  of  the  adductor  brevis 
muscle  (Fig.  281,  p.  365). 

The  pectineus  forms  a  part 
of  the  floor  of  Scarpa's  triangle. 
Covered  by  the  pubic  portion  of 
the  fascia  lata,  it  is  partially 
concealed  by  the  femoral  vessels 
and  the  insertion  of  the  ilio- 
psoas. It  lies  in  iront  of  the 
pubic  bone,  the  obturator  ex- 
ternus  and  adductor  brevis 
muscles,  and  the  superficial  part 
of  the  obturator  nerve.  Its 
outer  border  is  separated  from 
the  psoas  by  the  internal  cir- 
cumflex vessels.  Its  inner  border 
is  in  contact  above  with  the 
adductor  longus,  but  is  separated 
from  it  below  by  the  deep 
femoral  vessels.  The  muscle 
may  be  occasionally  divided 
into  inner  and  outer  parts,  the 
former  innervated  by  the  ob- 
turator, the  latter  by  the  anterior 
crural  nerve. 


the  linea  aspera ;  its  lower  attachment 
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THE  MUSCLES  ON  THE  INNER 
SIDE  OF  THE  THIGH. 

The  muscles  on  the  inner  side  2^^- — Muscle- Attachments  to  the  Posterior  Aspect 
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of  the   thigh  mclude  the  ad- 
ductors of   the    femur — the  adductor   longus,  adductor   brevis,  and  adductor 
magnus ;  the  gracilis,  and  the  obturator  externus. 

The  gracilis  muscle  is  a  long  flat  band  placed  on  the  inner  side  of  the  thigh 
and  knee.  It  arises  by  a  thin  aponeurotic  tendon  from  the  lower  half  of  the  edge 
of  the  symphysis  pubis,  and  for  a  similar  distance  from  the  border  of  the  adjoining 
part  of  the  pubic  arch  (Fig.  282,  p.  366).  Its  flattened  fleshy  belly  passes  down 
on  the  inner  side  of  the  thigh  to  the  knee,  where  it  ends  in  a  tendon,  which  expands 
to  be  inserted  into  the  inner  side  of  the  shaft  of  the  tibia  just  below  the  inner 
tuberosity,  behind  the  sartorius  and  above  and  in  front  of  the  semitendinosus 
(Fig.  279,  p.  363).  It  is  separated  from  the  sartorius  tendon  by  a  bursa,  and 
beneath  its  tendon  is  another  bursa  common  to  it  and  the  semitendinosus. 

The  gracilis  is  superficial  in  its  whole  extent,  except  at  its  insertion  which  is 
concealed  by  the  insertion  of  the  sartorius  muscle.  Its  deep  surface  covers  the 
borders  of  the  adductor  longus  and  adductor  magnus  muscles,  as  well  as  the  super- 
ficial part  of  the  obturator  nerve.  At  the  inner  side  of  the  knee  it  lies  between 
the  sartorius  and  semitendinosus. 

The  adductor  longus  is  a  triangular  muscle  arising  by  a  rounded  tendon  from 
the  anterior  surface  of  the  body  of  the  pubis  in  the  angle  between  the  crest  and 
symphysis  (Fig.  282,  p.  366).  Extending  downwards  and  outwards,  it  is  inserted 
into  the  middle  two-fourths  of  the  inner  lip  of  the  linea  aspera  in  front  of  the 
adductor  magnus.  Lying  in  the  same  plane  as  the  pectineus,  the  adductor  longus  is 
in  contact  with  that  muscle  near  its  origin,  but  is  separated  from  it  below  by  an 
interval  through  which  the  deep  femoral  vessels  pass.  Its  inner  border  is  in  contact 
with  the  gracilis  and  sartorius  muscles.  Its  anterior  surface  forms  part  of  the  floor 
of  Scarpa's  triangle  above,  part  of  the  floor  of  Hunter's  canal  below.  It  is  covered 
near  its  insertion  by  the  sartorius  and  the  femoral  vessels,  and  it  is  connected  to 
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the  origin  of  the  vastus  internus  by  an  aponeurotic  expansion  of  fascia  beneath 
the  sartorius,  forming  the  roof  of  Hunter's  canal.  Its  posterior  surface  is  in 
relation  with  the  adductor  brevis  and  the  adductor  magnus  muscles,  the  deep 
femoral  vessels,  and  the  superficial  part  of  the  obturator  nerve.  The  adductor 
longus  may  be  double,  or  more  or  less  fused  with  the  pectineus. 

The  adductor  brevis  is  a  large  muscle  which  arises  by  fleshy  and  short 
'^•Z/^/rx^endinous  fibres  from  an  elongated  oval  surface  on  the  front  of  the  body  and 
y  ^<««#/4^PPer  part  of  the  descending  ramu^  the  pubis,  surrounded  by  the  other  muscles 
^.w-— -  of  this  group  (Fig.  282,  p.  366):^Sfi'ected  downwards  and  outwards,  the  muscle 
expands,  to  be  inserted  by  a  short  aponeurotic  tendon,  behind  the  insertion  of  the 
pectineus,  into  the  lower  two-thirds  of  the  line  leading  from  the  small  trochanter  of 
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the  femur  to  the  linea  aspera,  and  to  the  upper  fourth  of  the  linea  aspera  itself 
(Fig.  286,  p.  370). 

The  adductor  brevis  is  the  central  muscle  of  the  adductor  group.  It  is  almost 
wholly  concealed  by  the  pectineus  and  adductor  longus.  It  rests  upon  the 
adductor  magnus;  at  its  upper  border  is  the  obturator  externus,  separated  from 
it  by  the  internal  circumflex  vessels ;  at  its  lower  border  is  the  adductor  longus, 
separated  by  the  deep  femoral  vessels.  It  separates  the  superficial  and  deep  parts 
of  the  obturator  nerve  in  their  course  down  the  thigh. 

The  adductor  magnus,  the  largest  of  the  adductor  group,  is  a  roughly  tri- 
angular muscle  arising  mainly  by  fleshy  fibres  by  a  curved  origin  from  the  lower 
part  of  the  outer  border  and  a  large  portion  of  the  adjoining  inferior  surface  of  the 
ischial  tuberosity,  from  the  edge  of  the  ischial  ramus,  and  from  the  anterior  surface 
of  the  descending  ramus  of  the  pubis,  its  most  anterior  fibres  arising  between  the 
obturator  externus  and  adductor  brevis  (Figs.  282,  p.  366,  and  285,  p.  369). 
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Its  upper  fibres  are  directed  horizontally  outwards  from  the  pubis  towards  the 
upper  part  of  the  femur ;  the  lowest  fibres  are  directed  downwards  from  the  ischial 
tuberosity  to  the  internal  condyle  of  the  femur ;  while  the  '  intermediate  fibres 
radiate  obliquely  outwards  and  downwards.  The  muscle  is  inserted  by  tendinous 
fibres  (1)  into  the  space  below  the  insertion  of  the  quadratus  femoris,  above  the 
linea  aspera ;  (2)  into  the  whole  length  of  the  linea  aspera ;  (3)  into  the  internal 
supracondyloid  ridge  of  the  femur;  (4)  into  the  adductor  tubercle  on  the 
internal  condyle  of  the  femur ;  and  (5)  into  the  internal  intermuscular  septum 
(Fig.  286,  p.  370).  The  part  of  the  muscle  attached  to  the  space  above  the  linea 
aspera  is  often  separated  from  the  rest  as  the  adductor  minimus.  The  attachment 
of  the  muscle  into  the  supracondyloid  ridge  is  interrupted  for  the  passage  of  the 
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Fig.  283. — Scheme  of  the  Course  and  Distribution  of  the  Obturator  Nerve. 


femoral  vessels  to  the  popliteal  space.  The  attachment  to  the  internal  condyle 
is  by  means  of  a  strong  tendon  which  receives  the  fibres  arising  from  the  ischium 
(the  part  of  the  muscle  associated  with  the  hamstring  group).  This  tendon  is  closely 
connected  with  the  internal  lateral  ligament  of  the  knee-joint. 

The  adductor  magnus  intervenes  between  the  other  adductor  muscles  in  front 
and  the  hamstring  muscles  behind.  It  is  concealed  anteriorly  by  the  pectineus, 
adductor  brevis,  adductor  longus,  and  sartorius.  The  deep  femoral  artery  lies  on 
it  above.  It  forms  the  floor  of  Hunter's  canal  below,  where  the  femoral  vessels  lie 
upon  it.  The  hamstring  muscles  and  great  sciatic  nerve  are  behind  the  adductor 
magnus ;  the  obturator  externus  and  quadratus  femoris  are  at  its  upper  border  ;  and 
along  its  inner  border  are  the  gracilis  and  sartorius  muscles. 

The  obturator  externus  is  placed  deeply  under  cover  of  the  previous  muscles. 
It  is  a  fan-shaped  muscle  lying  horizontally  in  the  angle  between  the  hip  bone  and 
the  neck  of  the  femur.  It  arises  from  the  outer  surface  of  the  pubis  and  ischium, 
which  form  the  inferior  half  of  the  margin  of  the  thyroid  foramen,  and  from  the 
corresponding  portion  of  the  outer  surface  of  the  obturator  membrane  (Figs.  282, 
p.  366,  and  285,  p.  369).    Its  fibres  converge  towards  the  great  trochanter,  and 
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end  in  a  stout  tendon  which,  after  passing  below  and  behind  the  hip-joint,  is  inserted 

into  the  digital  fossa  of 
the  great  trochanter  (Figs. 
286,p.370,and289,p.37l). 
The  inferior  surface  of 
the  muscle  is  in  contact 
with  the  pectineus,  ad- 
ductor brevis,  and  ad- 
ductor magnus  muscles, 
separated  from  them  by 
the  internal  circumflex 
vessels.  The  superior  sur- 
face is  in  relation  to 
the  obturator  membrane 
and  the  neck  of  the 
femur.  The  tendon  lies 
below  and  behind  the 
capsule  of  the  hip-joint, 
and  near  its  insertion 
appears  in  the  buttock 
(under  cover  of  the 
gluteus  maximus)  be  - 
tween  the  inferior  gemel- 
lus and  quadratus  femoris 
muscles. 


Gracii. 
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THE  MUSCLES  OF 
BUTTOCK. 


THE 


Gastrocnemius  (outer 
head) 


This  group  includes 
the  three  glutei  muscles, 
the  tensor  fascias  femoris, 
pyriformis,  obturator  in- 
ternus and  gemelli,  and 
quadratus  femoris. 

The  gluteus  maximus 
is  a  large  quadrilateral 
muscle,  with  a  crescentic 
origin,  from  (1)  a  portion  of 
the  area  on  the  dorsum  ilii 
above  the  superior  curved 
line  (Fig.  285,  p.  369);  (2) 
the  tendon  of  the  erector 
spinse ;  (3)  the  posterior 
surface  of  the  sacrum  and 
coccyx  (Fig.  311,  p. 
396);  and  (4)  the  posterior  surface  of  the  great  sacro  -  sciatic  ligament.  The 
fibres  which  ibrin  its  upper  and  outer  border  take  origin  directly  from  the 
fascia  lata  which  envelopes  the  muscle.  The  muscle  forms  a  large  fleshy 
mass,  whose  fibres  are  directed  obliquely  outwards  over  the  buttock,  invested 
by  the  fascia  lata,  and  are  inserted  by  short  tendinous  fibres,  partly  into  the  fascia 
lata  over  the  great  trochanter  of  the  femur  (joining  the  ilio-tibial  band),  and 
partly  into  the  gluteal  ridge  (Fig.  286,  p.  370).  The  fascia  lata  receives  the 
insertion  of  the  whole  of  the  superficial  fibres  of  the  muscle  and  the  upper  half 
of  the  deep  fibres.  The  lower  half  of  the  deep  portion  of  the  muscle  is  inserted  for 
the  most  part  into  the  gluteal  ridge ;  but  the  lowest  fibres  of  all  are  inserted  into 
fascia  lata,  and  are  thereby  connected  with  the  external  intermuscular  septum  and 
the  origin  of  the  short  head  of  the  biceps. 

The  gluteus  maximus  is  the  coarsest  and  heaviest  muscle  in  the  body.    By  its 


Fig.  284. — The  Posterior  Surface  of  the  Thigh  (superficial 
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weight  it  helps  to  form  the  fold  of  the  nates.  It  is  superficial  in  its  whole  extent. 
The° gluteus  medius  is  visible  at  its  upper  border,  covered  by  the  fascia  lata ;  at  its 
lower  border  the  hamstring  muscles  and  great  sciatic  nerve  appear  on  their  way 
down  the  thigh.  The  muscle  conceals  the  bones  from  which  it  -arises,  along  with 
the  great  sciatic  ligament,  the  ischial  tuberosity,  and  the  great  trochanter  of  the 
femur.  It  also  conceals  the  gluteus  medius  and  pyriformis,  with  a  branch  of  the 
gluteal  artery  between  them  ;  the  obturator  internus  and  gemelli,  with  the  sciatic 
vessels  and  nerves,  the  pudic  vessels  and  nerve,  and  the  muscular  branches  of  the 
sacral  plexus  above  them,  and  the  obturator  externus  and  a  branch  of  the  internal 
circumflex  artery  below  them  ;  the  quadratus  femoris  and  upper  part  of  the 
adductor  magnus  muscles,  with  the  internal  circumflex  vessels  between  them.  It 
covers  the  origins  of  the  hamstring  muscles,  and  by  its  insertion  into  the  fascia  lata, 


Fig.  285. — Muscle- Attachments  to  the  Dorsum  Ilii  and  Tuber  Ischii. 


the  vastus  externus.  The  first  perforating  artery  pierces  the  attachment  of  the 
muscle  to  the  gluteal  ridge.  Three  bursse  are  beneath  it  :  one  (not  always  present) 
over  the  tuberosity  of  the  ischium,  a  second  over  the  outer  side  of  the  great 
trochanter,  and  a  third  over  the  vastus  externus.  The  fibres  of  the  gluteus 
maximus  arising  from  the  coccyx  may  form  a  separate  muscle  (agitator  caudse). 

The  tensor  fasciae  femoris  (m.  tensor  fasciae  latse),  lying  on  the  same  plane  as 
the  gluteus  maximus,  arises  from  the  iliac  crest  and  the  dorsum  ilii  just  external  to 
the  anterior  superior  spine,  and  from  the  fascia  covering  its  outer  surface  (Fig. 
285,  p.  369).  Invested  like  the  gluteus  maximus  by  the  fascia  lata,  it  is  inserted 
about  the  level  of  the  great  trochanter  of  the  femur  into  the  fascia,  which  forms  the 
ilio-tibial  band  (p.  357). 

The  tensor  fasciae  femoris  muscle  is  superficially  placed,  and  is  enclosed  in  a 
strong  investment  of  the  fascia  lata,  the  deeper  layer  of  which  is  prolonged  up  to  join 
the  tendon  of  the  rectus  femoris  and  the  capsule  of  the  hip-joint.  The  muscle  is 
placed  along  the  anterior  borders  of  the  gluteus  medius  and  gluteus  minimus,  and 
conceals  branches  of  the  gluteal  and  external  circumflex  vessels  and  the  termination 
of  the  superior  gluteal  nerve.  The  sartorius  muscle  is  adjacent  to  it  anteriorly  at 
27  \ 
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Pyriforiiiis  (nisertioii) 

Gluteus  niechus 
(insertion) 


its  origin,  and  is  separated  from  it 
below  by  the  rectus  femoris. 

The  gluteus  medius  arises 
by  fleshy  and  tendinous  fibres 
(1)  from  the  dorsum  ilii,  between 
the  iliac  crest  and  the  superior 
curved  line  above  and  the  middle 
curved  line  below  (Fig.  285, 
p.  369),  and  (2)  from  the  strong 
fascia  lata  covering  its  surface 
anteriorly.  It  is  a  fan -shaped 
muscle,  its  fibres  converoina  to 
the  great  trochanter,  to  be  in- 
serted by  a  strong,  short  tendon 
into  the  postRro- superior  angje 
of_the  trochanter,  and  into  a  welT- 
marked  diagonal  lllie  on  its  outer 
surface  (Figs.  286,  p.  370,  277, 
p.  361,  and  289,  p.  371). 

The  muscle  is  covered  along 
its  anterior  border  by  the  tensor 
fasciae   femoris.    Its   surface  is 
covered  over  by  the  fascia  lata 
and  the  gluteus  maximus.  Its 
inferior  border  is  separated  from  the  pyriformis 
muscle  by  the  superficial  branch  of  the  gluteal 
artery.     Its  deep  surface   is  in  contact  with 
the  gluteus  minimus,  the  gluteal  vessels,  the 
superior  gluteal  nerve,  and  the  insertion  of  the 
pyriformis  muscle.    A  bursa  is  placed  beneath 
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Fig.  286. — Muscle- Attachments  to 
THE  Posterior  Aspect  of  the 
Upper  Part  of  the  Femur. 


the  tendon  at  its  insertion. 
The  gluteus  minimus 

arises  by  fleshy  fibres  from 
the  dorsum  ilii  between 
the  middle  and  inferior 
curved  lines  (Fig.  285, 
p.  369).  This  muscle  is 
fan-shaped  and  its  fibres 
to   the  antero- 


Great  sciatic 
nerve 


Fig.  287. — The  Gluteus  Maximus  Muscle. 


s uperior  angle  ]of—  the 
great  trochanter,  to  be 
inserted  into  the  anterior 
surface  of  the  trochanter, 
and  sometimes  also  into 
the  front  part  of  the 
upper  border  (Figs.  277, 
p.  361,  and  289,  p.  371). 
It  is  also  inserted  into  the 
capsule  of  the  hip-joint. 
The  muscle  is  concealed 
by  the  tensor  fasciae 
femoris  and  gluteus 
medius.  The  pyriformis 
is  in  contact  with  its  in- 
ferior border,  and  beneath 
it  are  the  capsule  of  the 
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hip-joint  and  the  reflected  tendon  of  the  rectus  femoris  muscle.  A  bursa  is 
placed  beneath  the  tendon  in  front  of  the  great  trochanter. 

The  pyriformis  is  one  of  the  few  muscles  connecting  the  lower  limb  to  the 
axial   skeleton.  It 


•arises  (1)  within  the 
pelvis  from  the 
pedicles  of  the  second, 
third,  and  fourth 
sacral  vertebrae,  and 
from  the  adjacent 
part  of  the  bone  ex- 
ternal to  the  anterior 
sacral  foramina ;  pass- 
ing outwards  through 
the  great  sacro-sciatic 
foramen,  it  receives 
^n  origin  (2)  from 
the  upper  margin  of 
the  great  sciatic 
notch  of  the  ilium, 
and  (3)  from  the 
pelvic  surface  of  the 
great  sacro  -  sciatic 
ligament.  In  the 
buttock  it  forms  a 
rounded  tendon, 
which  is  inserted  into 
a,  facet  on  the  upper 
border  and  inner 
aspect  of  the  great 
trochanter  of  the 
femur,  partly 
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Fig.  288.— The  Muscles  and  Nerves  of  the  Buttock. 

The  glutens  maximus  is  reflected  ;  and  the  glutens  medius  is  cut  in  part  to  show 
the  gluteus  miuimns.  i  \ 
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sur- 
rounding the  inser- 
tion of  the  obturator  internus  (Figs.  286,  p.  370,  277,  p.  361,  and  289,  p.  371). 

The  pyriformis,  besides  appearing  in  the.  buttock,  lines  the  posterior  wall  of  the 
pelvis.  In  the  pelvis  it  lies  behind  the  rectum,  covered  by  a  thin  layer  of  the 
parietal  pelvic  fascia.    In  the  buttock  it  is  covered  by  the  gluteus  maximus,  and 

at  its  insertion  by  the 

Obturator  internus  and  gemelli  (insertion)  ,^^^^H 

crluteus  medius,  "and 
it  lies  upon  the  ilium 
and  the  capsule  of 
the  hip-joint.  At  its 
upper  border  are  the 
gluteus  medius  and 
gluteus  minimus,  sepa- 
rated by  the  superior 
gluteal  nerve  and  the 
gluteal  artery ;  its 
lower  border  is  separ- 
ated from  the  gemelli 
and  obturator  internus 
by  an  interval  in  which 
the  sciatic  and  pudic 
anterior  fibres  of  the 


Fig. 
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The 


vessels  and  the  nerves  of  the  sacral  plexus  appear, 
muscle  may  be  separate. 

The  obturator  internus  arises  by  fleshy  fibres  on  the  pelvic  aspect  of  the  hip 
bone,  (1)  from  the  whole  of  the  margin  of  the  thyroid  foramen  (except  the  obturator 
notch,  and  a  portion  posteriorly  opposite  the  small  sciatic  notch);  (2)  from  the 
;surface  of  the  obturator  membrane ;  (3)  from  the  whole  of  the  pelvic  surface  of 
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the  hip  bone  behind  and  above  the  thyroid  foramen ;  and  (4)  shghtly  from  the 
parietal  pelvic  I'ascia  covering  it  internally.  It  is  a  fan-shaped  muscle,  and  its 
fibres  converging  to  the  lesser  sacro-sciatic  foramen,  give  rise  to  several  tendons 
which  hook  round  the  margin  of  the  foramen  (a  bursa  intervening),  and  after 
traversing  the  buttock,  unite  together  to  be  inserted  into  a  facet  on  the  inner 
surface  of  the  great  trochanter  of  the  femur  above  the  digital  fossa  (Figs.  286,  p. 
370,  and  289,  p.  371). 

In  the  pelvis  the  muscle  occupies  the  lateral  wall,  covered  by  the  parietal 
(obturator)  layer  of  pelvic  fascia,  which  separates  it  from  the  pelvic  cavity  above 
and  the  ischio-rectal  fossa  below.  It  is  separated  from  the  contents  of  the  pelvis, 
above  by  the  petitoneum  and  extra-peritoneal  fat,  below  by  the  fat  in  the  ischio- 
rectal fossa.  The  internal  pudic  vessels  and  nerve  cross  it  in  the  outer  wall  of  the 
fossa  in  a  special  sheath  of  the  fascia.  In  the  buttock  the  tendon  is  embraced  by 
the  gemelli  muscles  which  are  attached  to  its  upper  and  lower  margins.  The  tendon 
is  crossed  by  the  sciatic  vessels  and  nerves,  and  lies  against  the  upper  and  back  part 
of  the  capsule  of  the  hip -joint. 

The  gemelli  muscles  form  accessory  portions  of  the  obturator  internus.  They 
are  two  in  number,  superior  and  inferior,  and  are  wholly  composed  of  fleshy  fibres. 

The  superior  gemellus  arises  from  the  gluteal  surface  of  the  ischial  spine  and 
from  the  upper  part  of  the  margin  of  the  lesser  sciatic  notch  (Fig.  285,  p.  369). 
It  is  inserted  into  the  upper  margin  and  superficial  surface  of  the  tendon  of  the 
obturator  internus  muscle. 

The  gemellus  inferior  arises  from  the  upper  part  of  the  gluteal  surface  of  the 
ischial  tuberosity  and  the  lower  part  of  the  m.argin  of  the  lesser  sciatic  notch 
(Fig.  285,  p.  369).  It  is  inserted  into  the  lower  margin  and  superficial  aspect 
of  the  tendon  of  the  obturator  internus. 

The  quadratus  femoris  arises  from  the  outer  margin  of  the  ischial  tuberosity 
(Figs.  282,  p.  366,  and  285,  p.  369),  and  is  inserted  into  the  quadrate  tubercle 
and  quadrate  line  of  the  femur  (Fig.  286,  p.  370).  The  muscle  is  placed  beneath 
the  gluteus  maximus,  and  is  crossed  by  the  sciatic  vessels  and  nerves.  Its  origin 
is  concealed  by  the  hamstring  muscles.  Its  deep  surface  is  in  contact  with  the 
obturator  externus  muscle  and  the  small  trochanter  of  the  femur,  a  bursa  inter- 
vening. Its  upper  border  is  separated  from  the  inferior  gemellus  by  an  interval, 
containing  the  tendon  of  the  obturator  externus  and  the  ascending  branch  of  the 
internal  circumflex  artery.  Its  lower  border  is  separated  from  the  upper  margin 
of  the  adductor  magnus  by  the  internal  circumflex  vessels.  The  muscle  is  not 
infrequently  fused  with  the  adductor  magnus. 
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The  Hamstring  Muscles. 

The  muscles  comprised  in  this  series  include  the  biceps,  semitendinosus  and 
semimembranosus.  A  part  of  the  adductor  magnus,  already  described,  also  belongs 
morphologicallv  to  this  group. 

The  biceps  flexor  cruris  (m.  biceps  femoris)  has  a  double  origin.  (1)  Its  long 
Jiead  arises  by  means  of  a  tendon,  in  common  with  the  semitendinosus,  from  the 
lower  and  inner  facet  upon  the  tuberosity  of  the  ischium  (Figs.  282,  p.  366,  and 
285,  p.  369)  and  from  the  great  sacro-sciatic  ligament.  This  head,  united  for  a 
distance  of  two  to  three  inches  with  the  semitendinosus,  forms  a  separate  fleshy 
mass,  which  extends  to  the  lower  third  of  the  thigh,  to  end  in  a  tendon  joined  by 
the  short  head  of  the  muscle.  (2)  The  short  head  arises  separately  by  fleshy  and 
tendinous  fibres  (1)  from  the  wholeJength^^^JJae_ou^^  ajad 
the  upper  two- thirds  of  the  external  supra-condyloid  ridge  of  the  femur,  and  (2) 
from  the  external  intermuscular  septum  for  a  corresponding  extent.  The  upper 
limit  of  its  origin  is  sometimes  blended  with  the  insertion  of  the  lowest  fibres  of 
the  gluteus  maximus.  The  fibres  of  the  short  head,  directed  downwards,  join  the 
tendon  of  the  long  head,  and  the  muscle  is  inserted  (1)  into  the  head  of  the 


THE  MUSCLES  ON  THE  BACK  OF  THE  THIGH. 


373 


fibula  hj  a  strong  tendon,  which  is  split  into  two  parts  by  the  long  external  lateral 
ligament  of  the  knee-joint ;  (2)  by  a  shp  attached  to  the  outer  tuberosity  of  the 
tibia ;  and  (3)  along  its  posterior  border  by  a  fascial  expansion  which  connects  the 
tendon  with  the  popliteal  fascia. 

The  long  head  of  the  biceps  is  concealed  at  its  origin  by  the  gluteus  maximus 
muscle.  In  the  lower  two-thirds  of  the  thigh  it  is  superficially  placed,  with  the 
semitendinosus  and  semimembranosus  on  its  inner  side.  It  conceals  the  great 
sciatic  nerve,  the  origins  of  the  semimembranosus  and  quadratus  femoris,  the 
adductor  magnus,  and  the  short  head  of  the  muscle.    The  united  heads  assist  in 


Gluteus  maximus 
(origin) 


Obliquus  externus  abdominis 
(insertion) 


Tensor  fasciae  femori;- 
(origin) 


Sartorius  (origin) 


Rectus  femoris  (reflected  head 
of  origin) 


Quadratus  femoris  (origiu) 
Obturator  externus  (origin) 
Adductor  magiuis  (origin) 


Fig.  290. — Muscle-Attachments  to  the  Dorsum  Ilii  and  Tuber  Ischii. 

forming  the  outer  boundary  of  the  popliteal  space,  and  partially  conceal  the  outer 
head  of  the  gastrocnemius. 

The  short  head  may  be  absent :  there  may  be  an  additional  origin  from  the 
ischium  or  femur ;  and  the  long  head  may  send  a  slip  to  the  gastrocnemius  or 
tendo  Achillis  (tensor  fasciae  suralis). 

.  The  semitendinosus  arises,  in  common  with  the  long  head  of  the  biceps,  from 
the  lower  and  inner  facet  upon  the  ischial  tuberosity  (Fig.  285,  p.  369).  Separat- 
ing from  the  common  tendon  after  a  course  of  two  or  three  inches,  the  muscle 
forms  a  long,  narrow  band  which  becomes  tendinous  in  the  mi(ldle_ third  of  the 
thit^h.  Passing  over  the  inner  side  of  the  knee  it  spreads  out  and"  becomes 
membranous,  and  is  inserted  (1)  into  the  inner  side  of  the  shaft  of  the  tibia  just 
below  the  internal  tuberosity,  below  the  gracilis  and  behind  the  sartorius  (Fig. 
292,  p.  374),  and  (2)  into  the  fascia  lata  of  the  leg.  A  bursa  separates  it  from 
the  sartorius  in  front,  and  another,  common  to  it  and  the  gracilis,  lies  beneath  its 
insertion. 

The  origin  of  the  muscle  is  concealed  by  the  gluteus  maximus.  In  the  back 
ofJlia  thi^h  it  i^  pjijp^y-fjpinla^^  J:hp.  semimembranosus  ;  and  at  the  inner  side  of  the 
knee  the  tendon  lies  behind  that  oriTie"^gniHirs,''¥nd  also  behind  the  sartorius.  It 
forms  one  of  the  inner  boundaries  of  the  popliteal  space.  The  belly  of  the  muscle 
is  marked  by  an  oblique  septal  tendinous  intersection  about  its^juiddle. 
27  a  '  ^  ' 


Gemellus  superior  (origin). 

Gemellus  inferior  (origin) 
Semimembranosus  (origin) 

Biceps  and  semitendinosus  (origin). 


Adductor  magnus  (origin) 
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The  semimembranosus  arises  by  a  tendon  from  the  upper  and  outer  facet  on 


the  ischial  tuberosity  (Figs.  282,  p.  366,  and 


Pyrikormis 

Obturator 
nternus  and 

GEMELLl 

Obturator 
externus 


Quadratus 

KEMORIS 


Great  sciatic 
nerve 


G  RAG  I  LI 


Adductor  macni s 


Semitendino  I 


Srmimembranosi  '^ 


.Sartorius  tendon — 


Biceps  tendon 
(along  with  j' " 
peroneal  nerve) 
Plantaris 


Gastro- 
cnemius 


285,  p.  369).  In  the  upper  third 
of  the  thigh  the  tendon  gives  place 
to  a  rounded  fleshy  belly,  which, 
becoming  tendinous  at  the  back  of 
the  knee,  is  inserted  mainly  into 
the  horizontal  groove  on  the  back 
of  the  inner  tuberosity  of  the 
tibia,  and  into  a  triangular  area 
below  the  hin&er  end  of  the  groove, 
and  above  the  insertion  of  the 
popliteus  (Figs.  292,  p.  374,  and 
299,  p.  383).  A  bursa  lies  beneath 
the  tendon  at  its  insertion.  It  has 
three  additioiicd  meinbranous  in- 
sertions :  (1)  a  fascial  band  extends 
downwards  and  inwards  to  join  the 
posterior  border  of  the  internal 
lateral  ligament  of  the  knee-joint ; 
(2)  another  fascial  band  extends 
downwards  and  outwards,  forms 
the  fascia  covering  the  popliteus 


nriniembran- 
us  (insertion) 
I  u.inientuin 
patelhe  (insertion) 


Att.iclinient  of  in- 
l  t!MiaI  lateral  ligament 
111  the  knee 
Gracilis  (insertion) 


Seniitendinosus 
^insertion) 


Fio,  291. — The  Muscles  on  the  Back  of  the  Thigh. 


Fig.  292. — Muscle-AttachxMents  to  the  Inner 
Side  of  the  Upper  Part  of  the  Tibia. 


muscle  (popliteus  fascia),  and  is  attached  to  the  oblique  line  of  the  tibia ;  and 
(3)  a  third  strong  band  extends  upwards  and  outwards  to  the  back  of  the  external 
condyle  of  the  femur,  forming  the  posterior  ligament  of  the  knee-joint. 

The  tendon  of  origin  of  the  semimembranosus  is  concealed  by  the  gluteus 
maximus,  and  immediately  beyoad  the  ischium  it  is  grooved  by  the  common  origin 
of  the  long  head  of  the  biceps  and  semitendinosus.    In  the  back  of  the  thigh  it  is 
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covered  by  the  semitendinosus,  and  lies  upon  the  adductor  magnus  and  great 
sciatic  nerve.  It  forms  part  of  the  inner  boundary  of  the  popliteal  space,  and 
conceals  the  popliteal  vessels.  Its  tendon  passes  over  the  inner  head  of  the 
gastrocnemius  on  its  way  to  its  insertion. 


Nerve-Supply  of  the  Muscles  of  the  Thigh  and  Buttock. 
Tlie  innervation  of  the  muscles  described  above  is  given  in  the  following  table  :- 


Muscles, 


Pectineus . 
Sartorius  . 
Iliacus 
Psoas 

Quadriceps  extensor 

Vastus  externus 

Rectus  femoris . 

Crureus  , 

Vastus  internus 
Tensor  fascia3  femoris 
Gluteus  minimus 
Gluteus  medius 
Gluteus  maximus 
Biceps  (short  head). 
Tyriiorinis  '. 
Adductor  longus 
Gracilis  . 
Adductor  brevis 
Obturator  externus  . 

Adductor  magnus  . 

Semimembranosus  .[^yxJ^  ^^hU^^  \ 
Semitendinosus       .,        .  y  7^  , 

Biceps  floi-ig  bparl)  L-     .       .  . 

Quadratus    femoris    and  inferior 
gemellus 

Superior  gemellus    and  obturator 
internus 


Nerves. 


Anterior  crural 


I  Superior  gluteal 

Inferior  gluteal 

Peroneals  ^^^>J);UJc^  j^I*^ 

Sacral  plexus        .    c ' , 

I  Obturator       .       .       .  | 

(Obturator      .       •    a  • 

\ Nerve  to  hamstrings  \^a^<^c\ 

i Nerve  to  hamstrings      .  i 


Origin. 


-Sacral  plexus 


L.  2. 


L.  3.  4. 


L.  4.  5.  S.  1. 


L.  5. 
L.  5. 
S.  1. 
L.  2. 
L.  2. 
L.  3. 
L.  3. 
L.  3. 
L.  4. 
L.  4. 
L.  5. 
S.  1. 
L.  4. 


S.  1.  2. 
S.  1.  2. 
2. 
3. 

3.  4. 
4. 
4. 
4. 

5.  S.  1. 
5.  S.  1. 
S.  1.  2. 
2.  3. 
5.  S.  1. 


S.  1.  2.  3. 


Action  of  the  Muscles  of  the  Thigh  and  Buttock. 


Most  of  the  above  muscles  act  on  the  pelvis  and  on  the  hip-  and  knee-joints.  The  psoas 
muscle  in  addition  assists  in  the  movements  of  the  vertebral  column  (p.  398). 

1.  Movements  at  the  Hip-Joint.— The  movements  of  the  thigh  at  the  hip-joint  are  flexion 
and  extension,  adduction  and  abduction,  internal  and  external  rotation.  The  following  table 
gives  the  muscles  producing  these  movements  : — 


a.  Flexion      and  Extension. 

Sartorius 

Iliacus 

Psoas 

Rectus  femoris 
Pectineus 
Adductor  longus 
Gracilis 

Obturator  externus 

Gluteus  maximus 
„  medius 
„  minimus 

Biceps 

Semitendinosus 
Seniimend:)ranosus 
Adductor  magnus 
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h.  Adduction     and  Abduction. 

Pectinoiis 

Tensor  fascine  fenioris 

Adductor  loiigus 

Gluteus  niedius 

,,  Ijrevis 

r-rbitpiT^  TTinmnns 

,,  iiiagiius 

01)turator  externus 

Gracilis 

Pyriformis  A 

Q uadratus  feinoris 

Ol  jturator  intern  us 

Gluteus  maximus 

Gemelli 

during 

(lower  fibres) 

Sartorius 

"flexion 

Gluteus  maximus 

(upper  fibres) 

c.  Internal  Rotation     and     External  Rotation. 


Tt-nsor  fasciie  femoris 
Glutcnis  medius  (anterior  fibres) 
,,       minimus      „  ,, 


during 
"extension 


01)turator  externus 

'Gluti'iis  maximus  (lower  fibres) 

Quadj'atiis  i'cmoris 

Gluteus  medius      \  (posterior 

,,      minimus  j  fibres) 
Pyriformis 
Obturator  internus 
Gemelli 
Sartorius 
Ilio-psoas 
Pectineus 
Adductor  longus 

„  brevis 

„  magnus 
Biceps  flexor  cruris 


2.  Movements  of  the  Pelvis  on  the  Thigh. — It  is  to  be  noted  tliat  the  several  movements 
tabulated  above  refer  to  the  movements  of  the  femur  at  the  hip-joint.  The  contraction  of  the 
same  groups  of  muscles  produces  similar  movements  of  the  pelvis  on  the  femur,  exemjDlified  in 
the  various  changes  in  the  attitude  of  the  pelvis  in  relation  to  the  thigh  and  the  vertebral 
column,  which  occur  in  locomotion. 

3.  Movements  at  the  Knee- Joint. — The  movements  at  the  knee-joint  are  mainly  flexion 
and  extension.  Flexion  is  uiuch  more  powerful  than  extension.  There  is  also  a  limited  amount 
of  rotation  of  the  tibia.  The  movements  are  produced  hj  certain  of  the  muscles  described  above, 
associated  with  certain  of  the  muscles  of  the  leg. 


a.  Flexion     and  Extension. 

h.  Rotation  inwards  and  Rotation  outwards. 

Sartorius                 :  Quadriceps  extensor 
Gracilis 

Semitendinosus 

Semimembranosus 

Biceps 

Gastrocnemius 
Plautaris 

Popliteus  J 

Sartorius 
j  Gracilis 

Semitendinosus 

Semimembranosus 

Popliteus 

1 

Bice2)s  flexor  cruris 

THE  FASCLE  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 

FASCLE. 

The  superficial  fascia  of  the  leg  presents  no  special  features  except  in  the 
sole,  w  here  it  is  greatly  thickened  by  pads  of  fat,  particularly  under  the  tuberosity 
of  the  OS  calcis,  and  under  the  balls  of  the  toes.  It  is  closely  adherent  to  the 
plantar  fascia,  especially  at  the  roots  of  the  toes. 

The  deep  fascia  has  numerous  important  attachments  about  the  knee. 
Posteriorly  it  forms  the  popliteal  fascia,  and  is  joined  by  expansions  from  the 
tendons  of  the  sartorius,  gracilis,  semitendinosus,  and  biceps  muscles.  In  front  of 
the  knee  it  is  attached  to  the  patella,  the  ligamentum  patellae,  and  the  tubercle  of 


THE  FASCIA  AND  MUSCLES  OF  THE  LEG  AND  FOOT. 


377 


Extensor  proprios  iialliici^<, 
Anterior  tibial  nerve  and 
dorsalis  pedis  aiten 
Extensor  longus  digitorum 


Peroneus  teri u  s 


Fibula 


Interosseous  calcaiieo 
astra.traloid  ligament 


Calcaneum 


Peroneus  brevis 


External  annular  ligament 


Peroneus  longus 


Abductor  minimj  digit 


Plantar  fasci 


Anterior  annular  ligament 
Tibialis  anticus 


Astragalus 


Tibialis  posticus 


Internal  annular 
ligament 


Ij]  '    /    1  1  I  \OR  LONGU 
I  J  i   I  DIGITORUM 

'  '-j- — Internal  plantar  artery 


ternal  plantar  nerve 
Flexor  longus  hallucis 


the  tibia;  laterally  it  is  connected  to  the  tuberosities  of  the  tibia  acd  the  head  of 
the  fibula,  and  forms  the  lateral  patellar  ligaments,  broad  fascial  bands  which  pass 
obliquely  from  the  sides  of  the  patella  to  the  tuberosities  of  the  tibia,  and  are  joined 
by  fibres  of  the  vasti  muscles.  Passing  down  the  leg,  the  fascia  blends  over  the 
inner  surface  of  the  tibia  with  the  periosteum  of  the  bone.  It  extends  round 
the  outer  side  of  the  leg  from  the  anterior  to  the  internal  border  of  the  tibia, 
binding' together  and  giving  origin  to  the  muscles,  and  gaining  an  attachment  to 
the  lower  part  of  the  shaft  of  the  fibii)^.  Two  septa  pass  from  its  deep  surface ; 
one  septum,  attached  to  the  anterio/torder  of  the  fibula,  encloses  the  musculo- 
cutaneous nerve,  and  separates  the_.e^tensor  from  the  peronei  muscles.  The  other  t 
septum  is  attached  to  the  posterior ^l^o'rder  of  the  fibula,  and  separates  the  peronei 
from  the  flexor  muscles.  From  the  last-named  septum  another  extends  across  the 
back  of  the  leg,  forms  a  partition  between  the  superficial  and  deep  flexor  muscles, 
and  encloses  the  posterior  tibial  vessels  and  nerves.  It  gives  rise  to  a  subordinate 
septum  attached  to  the  vertical  line  of  the  tibia  and  the  oblique  line  of  the  fibula, 
which  separate  the 
tibialis  posticus 
muscle  from  the 
flexors  of  the  toes 
on  either  side. 

At  the  ankle 
the  deep  fascia  is 
strengthened  by 
additional  trans- 
verse fibres ;  it  is 
attached  to  the 
malleoli  and  the  os 
calcis,  and  gives 
rise  to  the  annular 
ligaments. 

The  internal 
annular  ligament 
stretches  between 
the  internal  mal- 
leolus and  the 
tuberosity  of  the 
OS  calcis.  While 
it  is  continuous  at 

its  upper  border  with  the  general  in\  estment  of  the  deep  fascia  of  the  leg,  it  is 
chiefly  formed  by  tiie  septal  layerj3.overin|^  the  deejj  musclej^  on_  the  back_of  tha 
leg.  It  sometimes  gives^tnsertion  to  the  plantarls  muscle.  It  is  continuous  below 
with  the  plantar  fascia,  and  gives  origin  to  the  al)ductor  hallucis  muscle.  It  is 
pierced  by  the  calcanean  vessels  and  nerve.  Along  with  the  posterior  tibial  vessels 
and  nerve,  the  tendons  of  the  tibialis  posticus,  flexor  longus  digitorum,  and  flexor 
longus  hallucis,  pass  beneath  it,  each  enclosed  in  a  separate  synovial  sheath. 

The  external  annular  ligament,  much  smaller,  is  a  thickened  band  of  the 
deep  fascia  stretching  between  the  external  malleolus  and  the  os  calcis.  It  binds 
down  the  tendons  of  the  peronei,  which  occupy  a  space  beneath  the  ligament,  lined 
by  a  single  synovial  membrane. 

The  anterior  annular  ligament  is  in  two  parts.  An  upper  band,  broad  and 
undefined  at  its  upper  and  lower  borders,  stretches  across  the  front  of  the  ankle 
between  the  two  malleoli.  This  band  binds  down  to  the  lower  end  of  the  tibia 
the  tendons  of  the  tibialis  anticus  and  extensor  muscles  of  the  toes.  One  synovial 
sheath  is  found  beneath  it,  surrounding  the  tendon  of  the  tibialis  anticus. 

On  the  d()rsum  of  tlie  fo()t^  where  the  general  covering  of  deep  fascia  is  much 
thinner,  a"'s})e(;ial  well-defined  band  stretches  over  the  extensor  tendons.  This 
lower  band  oF  the  anterior  annular  ligament  (fundiform  or  lambdoid  ligament)  has 
an  attachment  externally  to  the  outer  border  of  the  greater  process  of  the  os  calcis. 
It  divides  into  two  bands  as  it  passes  inwards  over  tlie  dorsum  of  the  foot — an 


Abductor  halluc;is 

External  plantar  nerve 
External  plantar  artery 
Flexor  brevis  digitorum 


Fig.  293.- 


ACCESSORIUS 

-CoROi\AL  Section  through  the  left  Ankle-Joint,  Astragalus, 
AND  Calcaneum. 
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upper  part,  which  joins  the  upper  ligament  and  is  attached  to  the  internal  malleolus, 
and  a  loiver  fart,  which  passes  across  the  dorsum  of  the  foot,  and  joins  the  fascia  of 
the  sole  at  its  inner  border.  Beneath  this  ligament  are  three  special  compartments 
with  separate  synovial  sacs,  one  for  the  tibialis  anticus  tendon,  a  second  for  that 
of  the  extensor  proprius  hallucis,  and  a  third  for  the  extensor  longus  digitorum 
and  peroneus  tertiiis  tendons.  There  are  occasionally  other  additional  bands  of 
the  deep  fascia  passing  like  the  straps  of  a  sandal  across  the  dorsum  of  the  foot. 

The  plantar  fascia  is  of  great  importance.  In  the  centre  of  the  sole  it  forms 
a  thick  triangular  band,  attached  posteriorly  to  the  tuberosity  of  the  os  calcis.  It 
spreads  out  anteriorly  and  separates  into  five  slips,  which  are  directed  forwards  to 
the  bases  of  the  toes.  These  slips  as  they  separate  are  joined  together  by  ill-defined 
bands  of  transverse  fibres,  which  constitute  the  superficial  transverse  metatarsal 
ligament.     The  slip  for  each  toe  joins  the  tissue  of  the  web  of  the  toe  and  is 

continuous  with  the  digital 
sheath.  It  splits  to  form  a 
band  of  fibres  directed  forwards 
on  each  side  of  the  toe  to  be 
attached  to  the  sides  of  the 
metatarso-phalangeal  articula- 
tion and  the  base  of  the  first 
phalanx. 

This  central  portion  of  the 
plantar  fascia  assists  in  pre- 
serving the  arch  of  the  foot,  by 
drawing  the  toes  and  the  os 
calcis  together. 

On  each  side  it  is  continuous 
with  a  much  thinner  layer 
which  covers  the  lateral  muscles 
of  the  sole,  and  joins  the  fascia 
of  the  dorsum  of  the  foot  at 
each  border.  It  also  gives  rise 
to  intermuscular  septa,  which 
pass  upwards  on  each  side  of 
the  flexor  brevis  digitorum, 
enclosing  that  muscle  in  a 
separate  sheath,  and  giving 
investments  on  either  side  to 
the  abductor  muscles  of  the 
great  and  little  toes.  At  the 
outer  border  of  the  foot  the  calcaneo-metatarsal  ligament,  a  thickened  band  of  the 
fascia,  connects  the  tuberosity  of  the  os  calcis  with  the  base  of  the  fifth  metatarsal 
bone. 

The  digital  sheaths,  though  smaller,  are  the  same  in  arrangement  as  those  of 
the  fingers.  Vaginal  ligaments  are  present  in  relation  to  the  first  and  second 
phalanges. 
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Fig.  294. 


-The  Plantar  Fascia  and  Plantar  Cutaneous 
Nerves. 


The  muscles  of  the  leg  and  foot  are  divisible  into  three  series :  (1)  the  extensor 
muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot ;  (2)  the  peronei  on  the 
outer  side  of  the  leg ;  and  (3)  the  flexor  muscles  on  the  back  of  the  leg  and  in  the 
sole  of  the  foot.  ,  r^f  ^ 

*  The  Muscles  on  the  Front  of  the  Leg  and  Dorsum  of  Foot. 

The  muscles  on  the  front  of  the  leg  and  dorsum  of  the  foot  include  two  groups : 
(1)  on  the  front  of  the  leg,  the  tibialis  anticus,  long  extensors  of  the  toes  and 
peroneus  tertius ;  and  (2)  on  the  dorsum  of  the  foot,  the  extensor  brevis  digitorum. 

The  tibialis  anticus  (m.  tibialis  anterior)  arises  by  fleshy  fibres  from  the  outer 
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tuberosity  and  the  upper  twfvthirrls  of  the  outer  surface  of  the  shaft  of  the  tibia, 
from  the  interosseous  membrane,  from  the  fascia  over  it,  and  from  an  inter- 
muscular septum  externally.  The  muscle  ends  in  a  strong  tendon  which  passes 
over  the  dorsum  of  the  foot,  to  be  inserted  into  a  facet  on  the  anterior  and  inferk>r 
part  of  the  miifirjurfece^oMlie^nU  cuneiform  and  the  adjacent  inner  side  of 
the  base  of  the  first  metatarsal  bone  (Fig.  295,  p.  379). 

The  muscle  is  superficially  placed  along  the  outer  side  and  front  of  the  tibia, 

-  i  JljUx{/i-  JlpAMU  all  . 
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Fig.  295. — Muscle- Attachments  to  Tarsus  and  Metatarsus  (Plantar  Aspect). 


internal  to  the  long  extensors  of  the  toes  and  the  anterior  tibial  vessels  and  nerve. 
Its  tendon  occupies  special  compartments  beneath  both  upper  and  lower  parts  of 
the  anterior  annular  ligament,  enclosed  in  a  separate,  single,  synovial  sac. 

The  tibio-fascialis  anticus  is  a  separated  portion  of  the  muscle  occasionally  present,  inserted 
into  the  fascia  on  tlie  dorsum  of  the  foot. 

The  extensor  longus  digitorum  arises  by  Heshy  fibres  from  the  outer  side  of 
the  external  tuberosity  of  the  tibia,  from  the  upper  two-thirds  or  more  of  the 
anterior  surface  of  the  shaft  of  the  fibula,  from  the  fascia  over  it,  anci  from  inter- 
muscular septa  on  either  side.  It  gives  rise  to  a  tendon  which  passes  beneath  the 
anterior  annular  ligament,  and  in  front  of  the  ankle  subdivides  into  four  tendons, 
inserted  into  the  four  outer  toes,  exactly  in  the  same  way  as  the  corresponding 
tendous  in  the  hand  (see  p.  347).    They  form  membranous  expansions  on  the 
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dorsum  of  the  first  phalanx,  joined  by  the  tendons  of  the  extensor  brevis  digitorum, 
lumbricales,  and  interossei,  which  separate  into  one  central  and  two  lateral  slips, 
attached  respectively  to  the  middle  and  terminal  phalanges. 

The  muscle  is  superficial,  and  is  placed  external  to  the  tibialis  anticus  and 
extensor  proprius  hallucis,  and  internal  to  the  peronei  muscles.    The  musculo-^^ 

cutaneous  nerve  is  on  its  outer  side.    It  con- 
ceals the  anterior  tibial  vessels  and  nerve. 
The  tendon  occupies  a  separate  compartment 
along  with  the  peroneus  tertius  beneath  the 
lower  part  of  the  anterior  annular  ligament, 
invested  by  a  special  synovial  membrane. 
,     The  peroneus  tertius  is  a  separated 
^t//portion  of   the  extensor   longus  digitorum. 
J>°\  J(t^.It  is  an  essentially  human  muscle.    It  arises 
(inseparably  from  the  extensor  longus  digi- 
torum) from  the  lower  part  of  the  anterior  1, 
surface  of  the  fibula,  from '  the  interosseous! 
membrane,  and  from  the  intermuscular  septum 
external  to  it.    The  tendon  of  the  muscle  is  -} 
inserted  into  the  dorsal  aspect  of  the  base  of  ; 
the  fifth  metatarsal  bone.     It  accompanies 
the  extensor  longus  digitorum  beneath  the 
anterior  annular  ligament,  and  lies  external 
to  the  tendons  of  that  muscle  on  the  dorsum 
of  the  foot.  w<.t^  i^^r^^  Kyi'^s  nxc^MjuAx^  , 

The  extensor  proprius  hallucis  muscle 
(m.  extensor  hallucis  longus)  arises  by  fieshy 
fibres  from  the  front  of  the  fibula  in  its 
v.''  *'\  middle  three-fifths,  internal  to  the  origin  of 
-the  extensor  longus  digitorum,  and  for  a 
corresponding  extent  from  the  interosseous 
membrane.  Its  tendon  passes  over  the  dorsum 
of  the  foot,  to  be  inserted  into  the  base  of 
the  terminaljh^Iaj^  the  great  toe.  In 
the  leg  the  muscle  is  deeply  placed  between 
the  tibialis  anticus  and  extensor  longus  digi- 
torum. It  conceals  the  anterior  tibial  vessels 
and  nerve,  and  crosses  the  termination  of  the 
anterior  tibial  artery  in  front  of  the  ankle- 
joint.  It  is  invested  by  a  special  synovial 
sac  as  it  lies  beneath  the  lower  part  of  the 
anterior  annular  ligament.  On  the  dorsum  of 
the  foot  the  tendon  is  placed  on  the  inner  side 
of  the  dorsalis  pedis  artery. 

The  extensor  longus  primi  internodii  and 
extensor  ossis  metatarsi  hallucis  are  occasional 
separate  slij)s  of  this  muscle  inserted  iiito  the  bones 
of  tlie  great  toe. 

The  extensor  brevis  digitorum  arises  on 

the  dorsum  of  the  foot  by  short  tendinous 
and  fleshy  fibres  IVom  a  special  impression  on 
the  upper  surface  of  the  greater  process  of  the 
OS  calcis,  and  from  the  deep  surface  •of  the  lower  band  of  the  anterior  annular 
ligament. 

It  usually  gives  rise  to  four  fleshy  bellies,  from  which  narrow  tendons  are 
directed  forwards  and  inwards,  to  be  inserted  into  the  four  inner  toes.  The  three 
outer  tendons  join  those  of  the  long  extensor  muscle  to  form  the  membranous 
expansions  on  the  dorsum  of  the  toes.  The  innermost  tendon  is  inserted  separately 
into  the  base  of  the  first  phalanx  of  the  great  toe.      r\  . 
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Fig.  296. — Muscles  of  the  Front  op  the 
Eight  Leg  and  Dorsum  of  the  Foot. 


THE  MUSCLES  OK  ttE  FRONT  OF  THE  LEG  AND  FOOT.  381 


The  muscle  is  covered  by  the  lower  band  of  the  anterior  annular  ligament,  and 
by  the  tendons  of  the  extensor  longus  digitorum  and  peroneus  tertius ;  the  slip 
of  the  muscle  passing  to  the  great  toe  crosses  over  the  dorsalis  pedis  artery. 


The  Muscles  on  the  Outer  Side  of  the 


leg 


comprise  the  peronei- 


longus 


Adductor  obt.iquus  hallucis 


The  muscles  on  the  outer  side  of  the 
and  brevis. 

The  peroneus  longus  arises  by  fleshy  fibres  from  the  head  and  the  upper 
two-thirds  of  the  outer  surface  of  the  shaft  of  the  fibula,  from  intermuscular  septa 
on  either'^de,  and  from  the  fascia  over  it.  It  forms  a  stout  tendon,  which  hooks 
round  the  external  malleolus,  crosses  the  outer  side  of  the  os  calcis,  and  passing 
through  the  groove  on  the  cuboid  bone,  is  directed  across  the  sole  of  the  foot  to  be 
inserted  into  the  outjer  sides.,oOk§Jllternal  cim  ^nd  the_  base  of  the  first  meta- 

tarsal bones  (Fig.  295,  p.  379).  The  muscle  is  placed  superficially  in  the  leg,  and 
is  separated  by  intermuscular  septa  from  the 
extensor  longus  digitorum  and  peroneus  brevis 
in  front,  and  the  soleus  and  flexor  longus 
hallucis  behind.  It  partially  conceals  the 
peroneus  brevis,  along  with  which  it  passes 
beneath  the  external  annular  ligament,  in- 
vested by  a  common  synovial  sheath.  As  it 
enters  the  sole  of  the  foot  a  fihro -cartilage 
is  formed  in  the  tendon,  which  plays  over  a 
smooth  tubercle  on  the  cuboid  bone,  a  bursa 
intervening.  In  its  passage  across  the  foot 
the  tendon  is  enclosed  in  a  fibrous  sheath 
derived  from  the  inferior  calcaneo-cuboid 
ligaments  and  the  tibialis  posticus  tendon, 
and  is  concealed  by  the  first  three  layers  of 
the  muscles  of  the  sole. 

peroneus  brevis  arises  by  fleshy  fibres 
from  the  lower  two-thirds  of  the  outer  surface 
of  the  shaft  of  the  fil5iiTa7and  from  an  inter- 
muscular septum  along  its  anterior  border. 
Its  tendon  passes  over  the  back  of  the  ex- 
ternal malleolus  and  the  outer  side  of  the  os 
calcis,  to  be  inserted  into  the  tubercle  and 
dorsal  surface  of  the  base  of  the  fifth  meta- 
tarsal bone.  In  the  leg  the  peroneus  brevis 
lies  behind  the  extensor  longus  digitorum  and 

peroneus  tertius,  and  in  Jront  of  the  peroneu^^lon.s^us,^ which  partially  overlaps  it. 
The  tendon  lies  directly  behmd  the  external  malleolus lieneath  the  external  annular 
ligament,  invested  by  a  synovial  sheath  common  to  it  and  the  peroneus  longus. 

The  peroneus  longus  and  brevis  may  be  fused  together,  or  additional  slips  may  l^e  present,  as 
peroneus  accessorius,  peroneus  quinti  dig-iti,  peroneo-calcaneus  externus,  and  peroneo-cuboideus. 


Fig.  297. — The  Insertions  of  the  Peroneus 
lonous  and  tlbtalis  posticus  muscles 
IN  THE  Sole  of  the  Right  Foot. 


The  Muscles  on  the  Back  of  the  Leg. 

The  muscles  on  the  back  of  the  leg  are  divisible  into  two  layers:  (1)  a 
superficial  set,  consisting  of  the  gastrocnemius  and  soleus  (the  so-called  triceps 
muscle  of  the  leg),  and  the  plantaris  ;  and  (2)  a  deep  set,  consisting  of  the  popliteus, 
flexor  longus  digitorum,  tibialis  posticus,  and  flex  ox  longus  hallucis. 

The  gastrocnemius  arises  by  tivo  heads,  inner  and  outer,  by  means  of  strong 
tendons  which  are  prolonged  over  the  surface  of  the  muscle.  The  outer  head  arises 
from  an  impression  on  the  upper  and  posterior  part  of  the  outer  surface  of  the 
external  condyle,  and  from  the  lower  end  of  the  external  supra-condyloid  ridge  ; 
while  the  inner  head  arises  from  a  prominent  rough  mark  on  the  po])1itea1  spac^  of. 
the  femur  aljove  the  internal  condyle  and  from  the  surface  between  that  and  the 
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adductor  tubercle.  Each  head  has  an  additional  origin  from  the  back  of  the 
capsule  of  the  knee-joint.  A  bursa  lies  beneath  each  tendon  of  origin.  Each  fleshy 
belly  of  the  muscle  is  inserted  into  broad  membranous  tendon,  prolonged  upwards 
on  its  deep  surface  for  some  distance.^"  The  inner  head  is  the  larger. 

The  tendo  Achillis  is  formed  by  the  union  of  the  two  membranous  insertions 
of  the  bellies  of  the  gastrocnemius.  Prolonged  upwards  beneath  the  separate 
bellies,  the  tendon  forms  a  broad  membranous  band  connecting  together  the  lower 

parts  of  the  two  bellies.  Narrowing 
gradually,  and  becoming  thicker  in 
the  lower  half  of  the  leg,  the  tendon 
is  finally  inserted  into  the  intermediate 
surface  on  the  posterior  aspect  of  the 
OS  calcis.  A  bursa  lies  beneath  the 
tendon  at  its  insertion.  The  tendo 
Achillis  also  affords  insertion  to  the 
soleus  and  (sometimes)  the  plantaris 
muscles. 

The  gastrocnemius  is  superficial 
except  at  its  origin.  The  inner  head 
is  concealed  by  the  semitendinosus 
and  semimembranosus  muscles,  and 
partially  covers  the  popliteal  vessels 
and  the  tibial  nerve  in  the  lower  part 
of  their  course.  It  forms  part  of  the 
inner  boundary  of  the  popliteal  space. 
The^ outerji^d  is  concealed  partial] 
by  the  biceps  tendon  and  the 
nerve,  and  covers  the  plantaris  muscle.  7^ 
the  popliteal  vessels,  and  the  tibi:^-t^^ 
nerve.  It  forms  part  of  the  outer 
boundary  of  the  popliteal  space.  The 
two  bellies  are  for  the  most  part  in 
close  contact,  the  external  saphenous 
vein  occupying  the  interval  between 
them.  The  tendo  Achillis  in  the 
lower  half  of  the  leg  partially  conceals 
the  soleus  and  the  deeper  muscles. 
The  plantaris  tendon  lies  along  its 
inner  border. 

The  plantaris  arises  by  fleshy 
fibres  from  the  external  supra -con- 
dyloid  ridge  of  the  lemur  tor  about  an 
inch  at  its  lower  end,  from  the  adjacent 
part  of  the  popliteal  space  of  the  femur, 
and  from  the  posterior  ligament  of  the 
^i^^Cv*  knee-joint.  It  forms  a  narrow  fleshy 
slip  which  ends  in  a  tendon  extending 
down  the  back  of  the  leg,  to  be  inserted 
into  the  inner  side  of  the  tuberosity 
of  the  OS  calcis,  or  the  tendo  Achillis, 
or  nhe  internal  annular  ligament.  The  tendon  of  the  muscle  is  capable  of  con- 
siderable lateral  extension.  The  plantaris  lies  between  the  outer  head  of  the^ 
gastrocnemius  and  the  soleus,  and  crosses  the  popliteal  vessels  and  the  tibial- 
nerve.  In  the  lower  half  of  the  leg  its  tendon  lies  along  the  inner  border  of  the 
tendo  Achillis.    The  muscle  is  not  always  present. 

The  soleus  has  a  triple  origin  by  means  of  short  tendinous  and  fleshy  fibres  : 
(Y)  from  the  posterior  surface  of  the  head  and  the  shaft  of  the  fibula  in  its  upper  J^. 
third;  (2^  from  a  fibrous  arch  stretching  over  the  popliteal  vessels  and  tibial  nerve ■ 

and  (3)  from  the  oblique  line  and  middle  third  of 
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Fig.  298.— The  Soleus  Muscle. 
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the  inner  border  of  the  tibia  (Fig.  299,  p.  383).  From  this  origin  the  upper 
muscular  fibres  are  directed  downwards  to  join  a  tendon  placed  on  the  superficial 
aspect  of  the  muscle,  which  is  inserted  into  the  tendo  Achillis ;  the  lower  fibres 
are  inserted  directly  into  the  tendo  Achillis  to  within  one  or  two  inches  of  the  os 

calcis. 

The  muscle  is  concealed  by  the  gastro- 
cnemius, plantaris,  and  tendo  Achillis  in 
nearly  its  whole  extent.  It  is  partially 
superficial  on  each  side  of  the  gastrocnemius 
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Fig.  299. — Muscle- Attachments  to  the  Fig.  300. — The  Deep  Muscles  on  the  Back  of 

Posterior  Surface  of  the  Tibia.  the  Left  Leg. 

and  tendo  Achillis.  The  muscle  covers  the  tibialis  posticus  and  the  flexor  muscles 
of  the  toes  as  well  as  the  posterior  tibial  vessels  and  nerve. 

The  deep  muscles  of  the  back  of  the  leg  comprise  the  popliteus,  the  long  flexors 
of  the  toes,  and  the  tibialis  posticus. 

The  popliteus  is  deeply  placed  behind  the  knee.  It  arises  by  a  stout  tendon 
from  a  rough  impression/  in  front  of  a  groovelon  the  outer  aspect  of  the  external 
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condyle  of  the  femur.  This  tendon  passes  between  the  external  semilunar  cartilage 
and  the  capsule  of  the  knee-joint,  and  pierces  the  posterior  ligament,  from  which 
it  takes  an  additional  fleshy  origin.  A  bursa  is  placed  beneath  the  tendon,  which 
communicates  usually  with  the  synovial  cavity  of  the  knee-joint.  The  muscle  is 
inserted  by  fleshy  flbres  (1)  into  a  triangular  surface  on  the  back  of  the  tibia  above 
the  oblique  line  (except  a  small  area  below  the  fibular  facet)  (Fig.  299,  p.  383),  and 
(2)  into  the  fascia  over  it  (the  popliteus  fascia,  derived  from  the  tendon  of  the  semi- 
membranosus muscle).  The  popliteus  is  covered  at  its  origin  by  the  capsule  of  the 
knee-joint.  Posteriorly  it  is  concealed  by  the  gastrocnemius  and  plantaris  muscles, 
and  by  the  popliteal  vessels  and  the  tibial  nerve.  Its  lower  border  corresponds  to 
the  point  of  bifurcation  of  the  popliteal  artery  and  the  origin  of  the  soleus  muscle. 

The  popliteus  minor  is  a  small  occasional  muscle  attached  to  the  j^opliteal  space  of  the  femur 
and  the  posterior  ligament  of  the  knee-joint. 

The  flexor  longus  digitorum  occupies  both  the  back  of  the  leg  and  the  sole  of 
the  foot.  Its  origin  is  by  fleshy  flbres  from  the  posterior  surface  of  the  shaft  of  the 
tibia  in  its  middle  three-flfths,  below  the  oblique  line,  and  internal  to  the  vertical 

line  and  the  origin  of  the  tibialis 
posticus,  from  the  fascia  over  it, 
and  from  an  intermuscular  septum 
on  each  side  (Fig.  299,  p.  383). 
Its  tendon,  after  passing  beneath 
the  internal  annular  ligament, 
enters  the  sole  of  the  foot,  and 
divides  into  four  subordinate  ten- 
dons, which  are  inserted  into  the 
four  outer  toes  in  precisely  the 
same  manner  as  the  flexor  pro- 
fundus digitorum  is  inserted  in 
the  hand.  Each  tendon  enters 
the  digital  sheath  of  the  toe,  per- 
forates the  tendon  of  the  flexor 
brevis  digitorum,  and  is  inserted 
into  the  base  of  the  tp-r),nina1 
phalanx.  Ligamenta  accessoria 
(longa  and  brevia)  are  present  as 
in  the  hand.  Associated  with 
this  muscle  in  the  sole  of  the  foot 
are  the  lumbricales  and  acces- 
sorius  muscles. 

The  lumbricales  are  four  small 
muscles  arising  in  association  with 
the  tendons  of  the  flexor  profundus 
digitorum  in  the  sole.  The  first 
rimscle  arises  by  a  single  origin  from 
the  tibial  side  of  the  tendon  of 
the  flexor  longus  dic^itoruin  for 
the  second  toe ;  the  other  three 
arise  by  two  heads  from  the 
adjacent  sides  of  all  four  tendons. 
Each  muscle  is  inserted  into  the 
dorsal  expansion  of  the  extensor  tendon,  the  metatarso-phalangeal  capsule,  and 
the  base' of  the  flrst  phalanx,  precisely  as  in  the  case  of  the  lumbrical  muscles 
of  the  hand.  Each  muscle  passes  forwards  on  the  tibial  side  of  the  corresponding 
toe,  superficial  to  the  transverse  metatarsal  ligament. 

The  flexor  accessorius  muscle  (m.  quadratus  plantas)  arises  by  two  heads :  (1) 
the  outer  tendinous  head  springs  from  the  outer  border  of  the  inferior  surface  of 
the  OS  calcis  and  from  the  outer  border  of  the  long  plantar  ligament ;  (2)  the  inner 
head,  which  is  fleshy,  arises  from  the  concave  inner  surface  of  the  os  calcis  in  its 
whole  extent,  and  from  the  inner  border  of  the  long  plantar  ligament  (Fig.  295, 
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0.  379).  The  long  plantar  ligament  separates  the  two  origins.  The  two  heads 
!inite  to  form  a  flattened  band,  which  is  inserted  into  the  upper  aspect  of  the 
bendons  of  the  flexor  longus  digitorum,  and  usually  into  those  destmed  for  the 
second,  third,  and  fourth  toes. 

In  the  leg  the  flexor  longus  digitorum  lies  at  first  internal  to  the  tibialis 
bosticus,  and  is  partially  concealed  by  the  soleus  and  tendo  Achillis.  Its  tendon 
crosses  over  the  tibialis  posticus  above  the  ankle-joint,  passes  beneath  the  internal 
Imnular  ligament,  invested  by  a  special  synovial  sheath,  and  below  the  ligament 
iirosses  the  plantar  or  superficial  surface  of  the  tendon  of  the  flexor  longus  hallucis. 
ii.4.s  it  passes  over  this  tendon  it  receives  from  it  a  special  band  of  fibres,  usually 
a^ssociated  with  the  tendons  for  the  second  and  third  toes. 

In  the  sole  of  the  foot  the  tendons  of  the  flexor  longus  digitorum,  along  with  the 
j-umbricales  and  accessorius,  and  the  flexor  longus  hallucis  muscles,  constitute  the 
5econd  layer  of  muscles  of  the  sole.  They  are  placed  between  the  abductors  of  the 
yreat  and  little  toes  and  the  flexor  brevis  digitorum  on  the  one  hand,  and  the  flexor 
Drevis  and  adductors  of  the  great  toe  on  the  other. 

The  flexor  longus  hallucis  arises  by  fleshy  fibres  on  the  back  of  the  leg  from 
;he  lower  two-thirds  of  the  posterior  surface  of  the  shaft  of  the  fibula,  from  the 
Pascia  ovefnTTand  from  intermuscular  septa  on  either  side.  Its  tendon  passes 
ibeneath  the  internal  annular  ligament  enclosed  in  a  special  synovial  sheath,  and 
iifter  grooving  the  back  of  the  lower  end  of  the  tibia,  the  astragalus,  and  the  under 
surface  of  the  sustentaculum  tali  of  the  os  calcis,  it  is  directed  forwards  in  the 
;ole  of  the  foot,  to  be  inserted  into  the  base  of  the  terminal  phalanx  of  the  great  toe. 

The  muscle  is  partially  concealed  in  the  leg  by  the  soleus  and  tendo  Achillis. 
[t  lies  at  its  origin  between  the  tibialis  posticus  and  the  peronei  muscles,  separated 
•  rom  the  former  by  the  peroneal  artery.  In  the  foot,  concealed  by  the  abductor 
lallucis,  it  crosses  over  the  deep  aspect  of  the  tendon  of  the  flexor  longus  digitorum, 
]o  which  it  is  connected  by  a  strong  fibrous  band  destined  for  the  tendons  for  the 
second  and  third  toes.  At  the  root  of  the  great  toe  the  tendon  occupies  the 
nterval  between  the  insertions  of  the  flexor  brevis  hallucis. 

The  tibialis  posticus  muscle  (m.  tibialis  posterior)  has  a  fourfold  fleshy  origin 
n  the  leg.  It  arises  (1)  from  the  upper  four  -  fifths  of  the  shaft  of  the  fibula 
)etween  the  oblique  line  and  the  interosseous  border ;  (2)  from  the  lower  part  of 
jhe  outer  tuberosity  of  the  tibia  and  from  the  upper  two-thirds  of  the  shaft  of  the 
jone  below  the  oblique  line  and  between  the  vertical  line  and  the  interosseous 
;)order  (Fig.  299,  p.  383) ;  (3)  from  the  interosseous  membrane ;  and  (4)  from  the 
'ascia  over  it  and  the  septa  on  either  side.  The  muscle  gives  rise  to  a  strong 
:endon  which  passes  beneath  the  internal  annular  ligament,  invested  by  a  special 
synovial  sheath,  and  grooves  the  back  of  the  internal  malleolus,  on  its  way  to  the 
.nner  border  of  the  foot.  The  tendon  then  spreads  out  and  is  inserted  by  three 
pands  into  (1)  the  tubercle  of  the  navicular  bone  and  the  plantar  surfaces  of  the 
jinternal  and  middle  cuneiform  bones,  (2)  the  plantar  aspects  of  the  second, 
third,  fourth,  and  sometimes  the  fifth  metatarsal  bones,  the  middle  and  external 
3uneiform  bones,  and  the  groove  on  the  cuboid,  and  (3)  by  a  recurrent  slip 
into  the  inner  border  of  the  sustentaculum  tali  of  tl^e  os  calcis  from  which  a 
fibrous  expansion  passes  outwards  to  join  the  inner  border  of  the  short  plantar 
hgament  (Fig.  302,  p.  386). 

In  the  leg  the  tibialis  posticus  is  concealed,  as  it  lies  on  the  interosseous  mem- 
orane  between  the  tibia  and  fibula,  by  the  superficial  muscles  and  the  posterior 
tibial  vessels  and  nerve.  It  lies  between  the  flexor  longus  hallucis  and  flexor 
bngus  digitorum,  and  is  crossed  by  the  tendon  of  the  latter  muscle  just  above  the 
xnkle.  Just  below  the  knee  between  its  tibial  and  fibular  origins  is  an  angular 
:ipace  through  which  the  anterior  tibial  vessels  pass.  In  the  foot  its  tendon  is 
covered  by  the  long  flexor  tendons  and  by  the  short  flexor  muscles  of  the  great  toe. 
The  tendon  is  in  contact  with  the  inferior  calcaneo-navicular  ligament  in  the 
interval  Ijetween  the  sustentaculum  tali  and  the  navicular  bone. 

The  peroneo-calcaneus  muscle,  when  present,  arises  from  the  fibula,  and  is  inserted  into  the 
)8  calcis. 
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The  Muscles  in  the  Sole  of  the  Foot. 

The  muscles  in  the  sole  of  the  foot  are  divisible  into  four  layers  placed  beneath 
the  plantar  fascia. 

First  layer :  Abductor  hallucis,  flexor  brevis  digitorum,  abductor  minimi  digiti. 
Second  layer:  Lumbricales  and  accessorius,  together  with  the  tendons  of  the 
flexor  longus  hallucis  and  flexor  longus  digitorum. 


Abductor  minimi  digiti 
(origin) 


Accessorius  (origin) 

Long  and  short  plantar  J 
ligaments"! 


Tibialis  posticus  (part  of 
,-   insertion) 


eroneus  brevis 
(insertion) 

Flexor  brevis  minimi 
digiti  (origin) 


Adductor  obliquus 
hallucis  (origin) 


Flexor  brevis  digitorum  (origin) 
Abductor  hallucis  (origin) 


Attachments  of 
uiferior  calcaneo- 
navicular ligament 


Flexor  brevis  hallu  cis 
(origin) 


Tibialis  posticus  (part 
of  insertion) 


Pcroneus  lonj 
(insertion) 


Tibialis  anticus  |  7 
(insertion) 


5 


till.  y 


Fig.  302. — Muscle- Attachments  to  Tarsus  and  Metatarsus  (Plantar  Aspect). 


Third  layer :  Flexor  brevis  hallucis,  adductors  of  the  great  toe,  and  flexor  brevis 
minimi  digiti. 

Fourth  layer  :  Interossei  (plantar  and  dorsal). 

The  abductor  hallucis  has  a  double  origin,  (1)  by  a  short  tendon  from  the  inner 
side  of  the  greater  tubercle  on  the  tuberosity  of  the  os  calcis  (Fig.  302,  p.  386), 
and  (2)  by  fleshy  fibres  from  the  internal  annular  ligament,  the  plantar  fascia 
which  covers  it,  and  the  intermuscular  septum  between  it  and  the  flexor  brevis 
digitorum.  Lying  superficially  along  the  inner  border  of  the  sole,  its  tendon  is 
inserted,  along  with  part  of  the  flexor  brevis  hallucis,  into  the  inner  side  of  the 
posterior  end  of  the  first  phalanx  of  the  great  toe.  The  muscle  lies  beneath  the 
plantar  fascia,  internal  to  the  flexor  brevis  digitorum,  and  conceals  the  plantar 
vessels  and  nerves,  and  near  its  origin  the  long  flexor  tendons. 

The  flexor  brevis  digitorum  has  likewise  a  double  origin:  (1)  by  a  short 
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tendon  from  the  fore-part  of  the  greater 
tubercle  of  the  tuberosity  of  the  os  calcis 
(Fig.  302,  p.  386),  and  (2)  by  fleshy 
fibres  from  the  thick  central  part  of  the 
plantar  fascia  which  covers  it,  and  from 
the  intermuscular  septa  on  either  side. 
Passing  forwards,  it  gives  rise  to  four 
slender  tendons,  which  are  inserted  into 
the  second  plmlano-es  of  the  four  outer  toe^ 
after  having  heen  perforated,  just  as  in  the 
case  of  the  tendons  of  the  flexor  sublimis 
digitorum  of  the  hand,  by  the  long  flexor 
tendons.  Placed  in  the  centre  of  the  sole 
beneath  the  plantar  fascia,  and  between 
the  abductor  hallucis  and  abductor  minimi 
digiti  muscles,  the  muscle  conceals  the 
second  layer  of  muscles  and  the  external 
plantar  vessels  and  nerve. 

The  abductor  minimi  digiti  (m.  ab- 
ductor digiti  quinti)  has  also  a  double 
origin :  (1)  by  fleshy  and  tendinous  fibres 
from  the  fore-part  of  both  tubercles  on 
the  tuberosity  of  the  os  calcis,  partly 
concealed  by  the  flexor  brevis  digitorum 
(Fig.  302,  p.  386),  and  (2)  by  fleshy  fibres 
from   the  outer  portion  of  the  plantar 


Adductoh 

TRANSVERSrs 
HALLUCIS 


Interossei 
Flexor 

BREVIS  MINIMi 
DIGITI 


Peroneus 
longus 


ACCESSORIU' 


DDUCTOR  OBLIQUUS 
lLLUCIS 


Flexor 


Plantar 

FASCIA 


Abductor 
hallucis 
I  J  Flexor 

['.REVIS 
DIGITORUM 


Plantar  fascia 


Fig.  303. — The  Musclss  of  the  Right  Foot 
(after  removal  of  the  plantar  fascia). 


calcaneo- metatarsal  liga- 


FlG. 


304.— The  Muscles  of  the  Right  Foot  (after  removal  of  the 
second  layer). 


fascia  and  the 

ment,  and  from  the  intermuscular  septum 
between  it  and  the  flexor  brevis  digitorum. 
Its  tendon  lies  along  the  fifth  metatarsal 
bone,  and  is  inserted  by  a  tendon  into  the  outer 
side  of  the  posterior  end  of 
the  first  phalanx  of  the  little 
toe.     The  outermost  fibres 
usually  obtain  an  additional 
insertion  into  the  outer  side 
of  the  plantar  surface  of  the 
fifth  metatarsal  bone.   It  lies 
on  the  outer  side  of  the  flexor 
brevis  digitorum,  and  parti- 
ally conceals  the  flexor  brevis 
minimi  digiti. 

The  tendons  of  the  long 
flexors  of  the  toes,  the  lumbri- 
cales  and  accessorius  muscles, 
constituting  the  second  layer 
of  muscles,  have  already  been 
described.  Lying  beneath 
the  abductor  hallucis  and  the 
flexor  brevis  digitorum,  and 
separated  from  them  by  the 


LEXOR  BREVIS  HALLUCIS 


Tibialis  posticus 
Flexor  longus  halluces 
Flexor  longus  digitorui 
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plantar  vessels  and  nerves,  they  occupy  the  hollow  of  the  tarsus  and  the  space 
between  the  first  and  fifth  metatarsal  bones;  their  deep  surfaces  are  in  contact 
with  the  adductors  of  the  great  toe  and  the  interossei  muscles. 

The  flexor  brevis  hallucis  arises  by  tendinous  fibres  (1)  from  the  inner  part  of 
the  under  surface  of  the  cuboid  bone  (Fig.  302,  p.  386),  and  (2)  from  the  tendon 
of  the  tibialis  posticus.  Directed  forwards  over  the  first  metatarsal  bone,  the 
muscle  separates  into  two  parts,  between  which  is  the  tendon  of  the  flexor  longus 
hallucis.  Each  portion  gives  rise  to  a  tendon  which  is  inserted  into  the  corre- 
sponding side  of  the  base  of  the  first  phalanx  of  the  great  toe ;  in  each  tendon, 
under  the  metatarso-phalangeal  articulation,  a  sesamoid  bone  is  developed.  The 
inner  tendon  is  united  with  the  insertion  of  the  abductor,  the  outer  tendon  with 
the  insertions  of  the  adductor  muscles  of  the  great  toe. 

The  adductor  obliquus  hallucis  arises  by  fleshy  and  short  tendinous  fibres  (1)  from 
the  sheath  of  the  peroneus  longus,  and  (2)  from  the  plantar  surfaces  of  the  posterior 
extremities  of  the  second,  third,  and  fourth  metatarsal  bones  (Fig.  302,  p.  386). 
Occupying  the  hollow  of  the  foot,  on  a  deeper  plane  than  the  long  flexor  tendons 
and  lumbricales,  and  separated  from  the  intei;p^ei  by  the  plantar  arch,  it  is  placed 


on  the  outer  side  of  the 
flexor  brevis  hallucis,  and 
is  directed  obliquely  in- 
wards and  forwards,  to 
i^^^^e  inserted  on  the  outer 
^^^j^ide  of  the  base  of  the 
li  *>«*fiTst  phalanx  of  the  great 
toe  between  and  along 
with  the  flexor  brevis  and 
adductor  transversus 
hallucis.      The  muscle 
forms  one  side  of  a  tri- 
angular space  in  the  sole 
'J^l^^hrough  which  the  ex- 
ternal   plantar  vessels 
and  nerve  pass. 

The  adductor  trans- 
versus hallucis  arises 
from  (1)  the  capsules  of 
the  outer  four  metatarso- 
phalangeal articulations 
and  (2)  the  transverse 

metatarsal  ligament.  Directed  transversely  inwards,  under  cover  of  the  flexor 
tendons  and  lumbricales,  the  muscle  is  inserted,  along  with  the  adductor 
obliquus  (from  which  it  is  separated  by  an  angular  interval),  into  the  outer 
side  of  the  base  of  the  first  phalanx  of  the  great  toe. 

The  flexor  brevis  minimi  digiti  (m.  flexor  brevis  digiti  quinti)  arises 
from  (1)  the  sheath  of  the  peroneus  longus,  and  (2)  the  base  of  the  fifth 
metatarsal  bone  (Fig.  302,  p.  386).  Partially  concealed  by  the  abductor  minimi 
digiti,  the  muscle  passes  along  the  fifth  metatarsal  bone,  to  be  inserted,  in  common 
with  that  muscle,  into  the  outer  side  of  the  base  of  the  first  phalanx  of  the  little  toe. 

The  interossei  muscles  of  the  foot  resemble  those  of  the  hand  except  in  one 
respect.  In  the  hand  the  line  of  action  of  the  muscles  is  the  middle  line  of  the 
middle  finger.  In  the  foot  the  second  toe  is  the  digit  round  which  the  muscles  are 
grouped,  and  their  attachments  and  their  actions  differ  accordingly. 

There  are  four  dorsal  and  three  plantar  muscles,  which  occupy  together  the  four 
interosseous  spaces,  and  project  into  the  hollow  of  the  foot. 

The  four  dorsal  muscles,  one  in  each  interosseous  space,  arise  by  two  heads  each 
from  the  shafts  of  the  metatarsal  bones.  Each  gives  rise  to  a  tendon,  which,  after 
passing  dorsal  to  the  transverse  metatarsal  ligament,  is  inserted  on  the  dorsum  of  the 
foot  into  the  side  of  the  first  phalanx,  the  metatarso-phalangeal  capsule,  and  the 
dorsal  expansion  of  the  extensor  tendon.    The  first  and  second  muscles  are  inserted 


Fig.  305. — Interosseous  Muscles  of  the  Foot. 
A,  Dorsal  muscles  (plantar  aspect)  ;  B,  Plantar  muscles  of  the  right  foot. 
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into  the  second  toe  on  the  tibial  and  fibular  sides  respectively.    The  third  and 
fouftlh  rtiusdes  are  inserted  into  the  third  and  fourth  toes  on  their  fibular  sides. 

The  three  plantar  muscles  occupy  the  three  outer  interosseous  spaces.  Each 
arises  by  a  single  head  from  the  tibial  side  of  the  third,  fourth,  and  fifth  metatarsal 
bones  respectively.  Each  ends  in  a  tendon  which  passes  dorsal  to  the  transverse 
metatarsal  ligament,  and  is  inserted,  in  the  same  manner  as  the  dorsal  muscles,  into 
the  third,  fourth,  and  fifth  toes  on  their  tibial  side.  /      \  , 

Nerve-Supply  of  the  Muscles  op  the  Leg  and  Foot.      '      l/^^'  \  ^^- 


Muscles. 


Tibialis  anticiis 

Extensor  proj^rius  liallucis 

Extensor  longus  digitorum  . 

Peroneus  tertius 

Peroneiis  longus 

Peroneus  brevis 

Extensor  brevis  digitorum 

Plantaris  .... 

Popliteus  .... 

Gastrocnemius 

Soleus  

Soleus    .       .       .  . 

Flexor  longus  digitorum 

Tibialis  posticus 

Flexor  longus  hallucis  . 

Abductor  liallucis  . 

Flexor  brevis  digitorum 

Flexor  brevis  hallucis  . 

First  lumbricalis  . 

Second,  third,  and  fourth  lumbri 

cales  ..... 
Flexor  acce.ssorius  . 
Adductores  hallucis 
Interossei  .... 
Flexor  brevis  minimi  digiti  . 
Abductor  minimi  digiti 


Nerves, 


}  anterior  tibial   .  ^ 
^-  musculo-cut^ie^i^  y 


Origin. 


anterior  tibial 

posterior  tibial  . 
linternal  plantar 


ixternal  plantar 


L.  4.  5.  S.  1. 


L.  4.  5.  S.  1.  l" 


1.  2. 


L.  5.  S.  1.  2. 

L.  5.  S.  1. 

L.  5.  S.  1. 

L.  5.  S.  1.  2. 

L.  4.  5.  S.  1. 


S.  1.  2 


Action  of  the  Muscles  of  the  Leg-  and  Foot. 

The  muscles  of  the  leg  and  foot  act  chiefly  in  the  movements  of  the  ankle-joint  (assisted  by 
movements  of  the  inter-tarsal  joints) ;  of  the  metatarso -phalangeal  joints  (assisted  by  movements 
of  the  tarso-metatarsal  and  inter-nietatarsal  joints) ;  and  of  the  inter-j^halangeal  joints  of  the 
several  toes. 

I.  Tibio-Fibular  Articulations. — The  uj^per  tibio-fibular  articulation  is  only  capable  of 
slight  gliding  movement,  occasioned  by  the  action  of  the  biceps  and  jDopliteus  and  the  muscles 
arising  from  the  fibula. 

II.  Movements  at  the  Ankle-Joint.— The  movements  at  the  ankle-joint  are  movements  of 
flexion  and  extension  of  the  foot  on  the  leg,  along  with  inversion  and  eversion  (only  during 
extension).  These  movements  are  produced  at  the  ankle,  aided  by  movements  in  the  inter-tarsal 
joints,  and  are  occasioned  by  the  following  muscles  : —  ^ 


a.  Flexion. 


Tibialis  anticus 

/  Extensor  communis  digitoruiji 
Extensor  proprius  hallucis^ 
Peroneus  tertius  •&^<;^ 


Extension. 


Gastrocnemius 

Plantaris 

Soleus 

Tibialis  posticus 

Peroneus  longus 
f^e^oneiis  brevis  =^ 
rriexor  longus  digitorumj 
I  Flexor  longus  hallucis  j 


28  a 


h.  Inversion. 


Eversion. 


Tibialis  anticus  I  (Peronens  tertiiis^fj    ^-  f"^^^^^ 
Peroneus  longus-  /  - 


Tibialis  posticus 


Peroneus  brevis -^'P^^y^^+t^^^ 


6  V  '^^r^ZuLv\ 


r 
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III.  Movements  of  the  Toes. — A.  At  the  Metatarso-Phalangeal  Joints  (assisted  by  move- 
ments at  the  tarso-metatarsal  and  inter-metatarsal  joints). — These  movements  are  flexion  and 
extension,  abduction  and  adduction  (in  a  line  corresponding  to  the  axis  of  the  second  toe). 


a.  Flexion. 

Extension. 

Flexor  longus  digitorum 

Accessorius 

Lumbricales 

Flexor  longus  liallucis 

Flexor  brevis  hallucis 

Flexor  brevis  digitorum 

Flexor  brevis  minimi  digiti 

Interossei 

Extensor  longus  digitorum 
Extensor  brevis  digitorum 
Extensor  proprius  hallucis 

b.  Abduction. 

Adduction. 

{From  and  to  the  middl 

Abductor  hallucis 
Dorsal  interossei 
Abductor  minimi  digiti 

e  line  of  the  second  toe.) 

Adductores  hallucis 
Plantar  interossei 

B.  At  the  inter-phalangeal  joints  the  movements  are  limited  to  flexion  and  extension. 


Flexion. 

Extension. 

Flexor  brevis  digitorum  {acting  on  the  first 
pint) 

Flexor  longus   digitorum   {acting   on  both 
joints) 

Flexor  longus  liallucis  {acting  on  the  hallux) 

Extensor  longus  digitorum  a 

Extensor  brevis  digitorum    {{acting  on  both 

1  joints) 

Interossei 

Lumbricales  J 
Extensor  proprius  hallucis 

Movements  of  the  Lower  Limb  generally. 

The  characteristic  features  of  the  lower  limb  are  stability  and  strength,  and  its  muscles  and 
joints  are  both  subservient  to  the  functions  of  transmission  of  weight  and  of  locomotion.  In  the 
standing  position  the  centre  of  gravity  of  the  trunk  falls  between  the  heads  of  the  femora, 
and  is  located  about  the  middle  of  the  body  of  the  last  lumbar  vertebra.  It  is  transmitted 
through  the  bones  of  the  lower  limb  to  the  arch  of  the  foot,  where  the  astragalus  distributes  it 
backwards  through  the  os  calcis  to  the  heel,  and  forwards  through  the  tarsus  and  metatarsus  to 
the  balls  of  the  toes. 

Locomotion. — The  three  chief  means  of  j^i'ogression  are  walking,  running,  and  leaj^ing.  In 
walking,  the  body  and  its  centre  of  gravity  are  inclined  forwards,  the  trunk  oscillates  from  side 
to  side  as  it  is  supported  alternately  by  each  foot,  the  arms  swing  alternately  with  the  correspond- 
ing leg,  and  one  foot  is  always  on  the  ground.  The  act  of  progression  is  jDerformed  by  the  leg, 
aided  in  two  ways  by  gravity.  The  movements  of  the  leg  are  as  follows  :  At  the  beginning  of 
a  step,  one  leg,  so  to  S23eak,  "  shoves  ofl" ; "  the  heel  is  raised  and  the  limb  is  extended.  By  the 
action  of  the  muscles  flexing  the  hip  and  knee-joint,  and  extending  the  ankle-joint  and  toes,  this 
limb  is  raised  from  the  ground  sufliciently  to  clear  it,  and  passes  forwards  by  the  action  of 
gravity,  aided  by  the  force  given  to  the  movement  by  the  extensor  muscles.  After  passing  the 
line  of  the  centre  of  gravity  the  flexion  of  the  joints  ceases,  the  muscles  relax,  and  the  limb 
gradually  returns  to  the  ground.  The  other  limb  then  passes  through  the  same  cycle,  the  weight 
of  the  body  now  resting  on  the  limb  which  is  in  contact  with  the  ground.  As  the  foot  reaches 
the  ground  it,  as  it  were,  rolls  over  it ;  the  heel  touches  it  first,  then  the  sole,  and  lastly,  as  the 
foot  leaves  the  ground  again,  only  the  toes.  In  running,  the  j)revious  events  are  all  exaggerated. 
The  time  of  the  event  is  diminislied,  while  the  force  and  distance  are  increased.  Both  feet  are  oft' 
the  ground  at  one  time  ;  the  action  of  flexors  and  extensors  alternately  is  much  more  powerful,  so 
that  on  the  one  hand  the  knees  are  drawn  upwards  to  a  greater  extent  in  the  forw^ard  movement, 
and  not  the  whole  foot,  but  only  the  toes  reach  the  ground  in  the  extension  of  the  limb.  The 
attempt  is  made  to  bring  the  foot  to  the  ground  in  front  of  the  line  of  the  centre  of  gravity.  At 
the  same  time  the  trunk  is  sloped  forwards  niucli  more  than  in  walking.  In  leaping,  the  actions 
of  the  limbs  are  still  more  exaggerated.  The  movements  of  flexion  of  the  limb  are  still  more 
marked,  and  the  foot  reaches  the  ground  still  farther  in  front  of  the  line  of  the  centre  of  gravity. 
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THE  FASCIA  AND  MUSCLES  OF  THE  BACK. 


THE  FASCI.E  OF  THE  BACK. 


Rectus  abdominis 


The  general  fascial  investments  of  the  back  have  been  described  along  with  the 
superficial  muscles  associated  with  the  shoulder -girdle  (p.  318).  The  latissimus 
dorsi  muscle  has  been  described  as  arising  in  large  part  from  the  vertebral  apo- 
neurosis. This  is  a  strong  fibrous  lamina  which  conceals  the  erector  spinae  muscle. 
In  the  loin  it  extends  from  the  spines  of  the  lumbar  vertebrae  outwards  to  the 
interval  between  the  last  rib  and  the  iliac  crest,  where  it  is  concerned  in  forming 
the  lumbar  fascia.  Below  the  loin  the  vertebral  aponeurosis  is  attached  to  the  iliac 
crest,  and  more  internally  blends  with  the  subjacent  tendinous  origin  of  the  erector 
spinpe.  The  fascia 
can  be  followed 
upwards  over  the 
erector  spinse  in 
the  region  of  the 
thorax,  where  it  is 
attached  exter- 
nally to  the  ribs 
and  is  continuous 
with  the  inter- 
costal aponeur- 
oses. In  the  lower 
part  of  the  thorax 
it  is  replaced  by 
muscular  slips — 
the  serratus  posti- 
cus inferior ;  in 
the  upper  part  of 
the  thorax  it 
passes  beneath  the 
serratus  posticus 
superior  and 
blends  with  the 
deep  cervical 
fascia. 

The  lumbar 
fascia  is  a  narrow 


ObLIQUUS  EXTERN! 

Obliquus  INTERNUS 
Transversalis 
abdominis' 
Fascia  transversalis 

Peritoneum 


Colon 


Extraperitoneal  \  \ 
tissue 

Kidney 


.Psoas  fascia 


Second  lumbar 
"vertebra 


Lumbar  fascki 


Latissimus  dorsi 


QUADRATUS  LUMBORUM 


.Psoas 


Anterior  layer  of 
"lumbar  fascia 


MULTIFIDUS 
SPIN/E 

Semispinalis 

"DORSI 


Middle  layer  of  lum 


Fig.  306. 


fascia 

Ilio-costalis 
Vertebral  aponeurosi= 
-Transverse  Section  through  the  Abdomen,  opposite  the 
Second  Lumbar  Vertebra. 


Longissimus  dorsi 


ligamentous  band 
which  connects 

tlie  last  rib  to  the  iliac  crest  between  the  muscles  of  the  back  on  the  one  hand  and 
those  of  the  abdominal  wall  on  the  other.  It  is  formed  by  the  union  of  three  fascial 
strata,  called  respectively  the  vertebral  aponeurosis  or  posterior  layer,  just  described  ; 
the  middle,  and  the  anterior  layers.  The  middle  layer  is  a  fascia  which  stretches 
outwards  from  the  ends  of  the  transverse  processes  of  the  lumbar  vertebrae,  between 
the  erector  spinse  behind  and  the  quadratus  lumborum  muscle  in  front.  The  anterior 
layer  is  attached  to  the  lumbar  vertebra^  near  the  bases  of  their  transverse  processes. 
It  covers  the  front  of  the  quadratus  lumborum  muscle,  and  separates  it  from  the 
psoas.  The  psoas  fascia  is  continuous  at  the  outer  border  of  the  psoas  muscle  with 
the  anterior  layer  of  the  lumbar  fascia.  At  the  outer  borders  of  the  quadratus 
lumborum  and  erector  spinse  muscles  the  three  layers  are  blended  together  to  form 
the  lumbar  fascia,  wliich  in  turn  gives  partial  origin  to  the  obliquus  internus  and 
transversalis  abdominis  muscles. 
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THE  MUSCLES  OF  THE  BACK. 


The  muscles  of  the  back  are  arranged  in  four  series  according  to  their  attach- 
ments:    (1)   vertebro- scapular   and  vertebro- humeral,   (2)   vertebro- costal,  (3) 


vertebro- cranial,  and  (4)  vertebral. 


TRACHELO-M  ASTOID 


Transversalis 
cervicis 


COMPLEXUS 


AcCESSORirS 


They  are  in  irregular  strata,  the  most 
superficial  muscles  having  the  most 
widely  spread  attachments. 

The  first  series  of  muscles  of  the 
back,  connecting  the  axial  skeleton  to 
the  upper  limb,  have  already  been 
described.  They  are  arranged  in  two 
layers :  (1)  trapezius  and  latissimus 
dorsi  superficially ;  (2)  levator  anguli 
scapulae,  and  rhomboidei,  beneath  the 
trapezius. 

The  remaining  muscles  are  almost 
entirely  axial,  and  may  be  divided, 
according  to  position,  into  four  groups : 
(1)  serrati  postici,  superior  and  inferior, 
splenius  capitis  and  splenius  colli  ;  (2) 
erector  spinse  and  complexus;  (3)  trans- 
verso -spinales  (semispinalis  and  multi- 
fidus  spinse) ;  and  (4)  the  small  deep 
muscles  (rotatores,  interspinales,  inter- 
transversales,  and  suboccipital  muscles). 

First  Group. 


LONGISSIMUS 
bORSI 


Ilio-costalis 


The  serratus  posticus  superior 

has  a  membranous  origin  from  the  liga- 
ment um  nuchas  and  the  spines  of  the 
last  cervical  and  upper  three  or  four 
thoracic  vertebras.  It  is  directed  ob- 
liquely downwards  and  outwards,  to  be 
inserted  by  separate  slips  into  the  second, 
third,  fourth,  and  fifth  ribs.  The  muscle 
is  concealed  by  the  vertebro -scapular 
muscles,  and  crosses  obliquely  the 
splenius,  erector  spinae,  and  complexus. 
It  lies  superficial  to  the  vertebral 
aponeurosis. 

The  serratus  posticus  inferior  has 
a    membranous    origin    through  the 
medium  of  the  vertebral  aponeurosis 
from  the  last  two  thoracic  and  first  two 
lumbar  spinous  processes.    It  forms  four 
muscular   bands   which   pass  almost 
horizontally  outwards  to  an  insertion 
into  the  last  four  ribs.    The  muscular 
slips  overlap  one  another  from  below 
upwards.    The  muscle  is  on  the  same 
plane  as  the  vertebral  aponeurosis,  and 
is  concealed  by  the  latissimus  dorsi. 
The  splenius  muscle  is  a  broad,  flattened  band  which  occupies  the  back  of  the 
neck  and  the  upper  part  of  the  thoracic  region.   It  arises  from  the  ligamentum  nuchse 
^  .  ,   (from  the  level  of  the  fourth  cervical  vertebra  downwards)  and  from  the  spinous 
jra<uUv^C'^^  processes  of  the  last  cervical  and  higher  (four  to  six)  thoracic  vertebras.    Its  fibres 
\  Tf'Ati*         extend  upwards  and  outwards  into  the  neck,  separating  in  their  course  into  an 
w>v^2^^.  upper  and  a  lower  part.    The  upper  part  forms  the  splenius  capitis,  which  is 
inserted  into  the  mastoid  process  and  the  outer  part  of  the  superior  curved  line  of 


Fig.  307. 


-Schematic  Representation  of  the  Parts 
OF  THE  Erector  Spin^  Muscle. 
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the  occipital  bone  (Fig.  312,  p.  397).  The  lower  part  forms  the  splenius  colli 
or  cervicis,  which  is  inserted  into  the  posterior  tubercles  of  the  transverse  processes 
of  the  upper  three  or  four  cervical  vertebrte,  behind  the  origin  of  the  levator 
anguli  scapulae.  The  muscle  is  partially  concealed  by  the  trapezius  and  sterno- 
mastoid,  and  appears  between  them  in  the  floor  of  the  posterior  triangle  of  the 
neck  (splenius  capitis).  It  is  covered  by  the  rhomboid  muscles,  levator  anguli 
scapulae,  and  serratus  posticus  superior.  It  conceals  the  transversalis  cervicis, 
trachelo-mastoid,  and  complexus  muscles. 

Second  Group. 

The  erector  spinse  (m.  sacro-spinalis)  possesses  vertebral,  vertebro-cranial,  and 
vertebro-costal  attachments.  It  consists  of  an  elongated  mass  composed  of  separated 
slips  extending  from  the  sacrum  to  the  skull.  Simple  at  its  origin,  it  becomes 
more  and  more  complex  as  it  is  traced  upwards  towards  the  head.  It  arises  (1)  by 
fleshy^_fibresjrmn_the^  ;  (2)  from  the  posterior  sacro-iliac  ligament ;  and 

(3)  by  tendinous  fibres  continuous  with  the  former  from  the  iliac  crest,  the  back  of 
the  sacrum,  and  the  spines  of  the  upper  sacral  and  all  the  lumbar  vertebrae.  Its 
fibres  extend  upwards  through  the  loin,  enclosed  between  the  posterior  and  middle 
layers  of  the  lumbar  fascia,  and  separate  into  two  columns — an  outer  portion 
derived  from  the  external  fleshy  origin,  the  ilio-costalis,  and  an  inner  portion  com- 
prising the  remaining  larger  part  of  the  muscle,  the  longissimus  dorsi. 

The  ilio-costalis  (m.  ilio-costalis  lumborum)  is  inserted  by  six  slender  slips  into 
the  lower  six  ribs. 

Internal  to  the  insertion  of  each  is  the  origin  of  a  slip  of  the  accessorius  muscle 


Fig.  308. — Scheme  of  Muscular-Attachments  to  the  Transverse  Processes  of  the 

Cervical  Vertebra. 


(m.  ilio-costalis  dorsi),  which,  arising  from  the  lower  six  ribs  internal  to  the  ilio- 
costalis,  is  inserted  in  line  with  it  by  similar  slips  into  the  upper  six  ribs. 

The  cervicalis  ascendens  (m.  ilio-costalis  cervicis)  arises  in  the  same  way  by 
six  slips  from  the  upper  six  ribs,  internal  to  the  insertions  of  the  accessorius.  It 
forms  a  narrow  band,  which,  extending  into  the  neck,  is  inserted  into  the  posterior 
tubercles  of  the  transverse  processes  of  the  fourth,  fifth,  and  sixth  cervical  vertebrae, 
behind  the  scalenus  posticus.  The  ilio-costaKs,  accessorius,  and  cervicalis  ascendens 
form  together  a  continuous  muscular  column,  and  constitute  the  outermost  group 
of  the  component  elements  of  the  erector  spinae. 

The  longissimus  dorsi  is  the  largest  element  in  the  erector  spinse  muscle. 
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With  its  cervical  prolongations — the  transversalis  cervicis  and  trachelo-mastoid  

it  forms  the  middle  column  of  the  erector  spinte.  Mostly  tendinous  on  the  surface 
at  its  origin,  it  becomes  fleshy  in  the  upper  part  of  the  loin.  It  is  thickest  in  the 
loin,  and  becomes  thinner  as  it  passes  upwards  in  the  back  between  the  column 
formed  by  the  ilio-costalis,  etc.,  externally,  and  the  spinalis  dorsi  internally.  It 
is  inserted  by  two  series  of  slips,  inner  and  outer,  externally  into  nearly  all  the 


Obfjqikts  supeiiiorJVI^KF// 
Rectus  capitis  posticus  major — 

Obmquus  inferior  j-^*' 

Sterno-mastoid  ' 
Com  PLEXUS  muscle 


Trachf.lo-mastoii) 

SCALENI,  MEDinS  AND  POSTICUS 


SEMISPINALIS  COLLI. 


Complex  US  muscle 

^TLRNO-MASTOID 


•SpLENIUS  CAPITIS 


Levatores  COSTA rum 


Obliquus  intern 
Origin  of  e 


Vertebral  aponeurosis  (cut). 


iSpLENius  colli 
Levator  anguli  scapul.4: 
Transversalis  eewj-Ce/nAo-i 
Cervicalis  ascendens 


(  'omplexus  muscle 


LONGISSIMUS  DORSI 


ACCESSORIUS 
SeMISPINALIS  DORSI 


Spinalis  dorsi 


Semispinalis  dorsi 


Middle  layer  of  lumbar  fascia- 
Vertebral  aponeurosis  (cut)   ^  '^/f/f"^ 


—miff 


Ilio-costalis 


Vertebral  aponeurosis  (cut) 
Lumbar  fascia 

Obliquus  interntts  abdominis 
Obliquus  externus  abdominis 


Origin  of  gluteus  maximus 


Fig.  309. — Deeper  Muscles  of  the  Back. 


ribs,  and  internally  into  the  transverse  processes  of  the  thoracic  and  the  accessory 
processes  of  the  upper  lumbar  vertebrae.  It  is  prolonged  upwards  into  the  neck 
by  its  association  with  the  common  origin  of  two  muscles,  the  transversalis  cervicis 
and  the  trachelo-mastoid. 

The  transversalis  cervicis  (m.  longissimus  cervicis)  has  an  origin  from  the 
transverse  processes  of_  the  ^uj2^r_six_  thoracic  vertebrge^  internal  to  the  insertions 
of  the" longissimus  dorsi.    Extending  upwards  into  the  neck,  it  is  inserted  into  the 
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posterior  tubercles  of  the  transverse  processes  of  the  second,  third,  fourth,  fifth, 
and  sixth  cervical  vertebras.  It  lies  in  the  neck,  underneath  the  cervicalis  ascendens 
and  splenius  colli  muscles. 

The  trachelo  -  mastoid  (m.  longissimus  capitis)  arises,  partly  by  an  origin 
common  to  it  and  the  previous  muscle,  from  the  transverse  processes  of  the  upper 
six  thoracic  vertebrae,  and  partly  by  an  additional  origin  from  the  articvdar  JJi^o- 
cesses  of  the  lower  four  cervical  vertebrae.  Separating  from  the  transversalis 
cervicis,  the  muscle  ascends  through  the  neck  as  a  narrow  band  which  is  inserted 
into  the  mastoid  process  beneath  the  splenius  capitis  muscle.  In  the  neck  the 
muscle  is  placed  between  the  splenius  capitis  and  complexus. 

The  spinalis  dorsi  forms  the  innermost  column  of  the  erector  spinae.  It 
occupies  the  thoracic  portion  of  the  back,  and  arises  by  tendinous  fibres  from  the 
lower  two  thoracic  and  upper  two  lumbar  spinous  processes,  and  also  directly  from 
the  tendon  of  the  longissimus  dorsi.  It  is  a  narrow  muscle  which,  lying  close  to 
the  thoracic  spinous  processes  internal  to  the  longissimus  dorsi  and  complexus,  is 
inserted  into  the  upper  (four  to  eight)  thoracic  spines.  This  muscle  is  not  prolonged 
into  the  neck.    It  partially  covers  the  semispinalis,  dorsi,  and  colli. 

The  erector  spinse  muscle  is  bound  down  by  the  vertebral  aponeurosis,  and 
is  concealed  by  the  more  superficial  muscles  (sterno- mastoid,  trapezius,  levator 
anguli  scapulae,  rhomboids,  splenius,  serrati  postici).  It  covers  the  ribs  posteriorly, 
and  partially  conceals  the  semispinales  and  complexus  muscles. 

The  complexus  muscle  (m.  semispinalis  capitis)  closely  resembles  in  position 
and  attachments  the  trachelo-mastoid.  It  takes  origin  by  tendinous  slips  from  the 
transverse  processes  of  the  upper  six  thoracic  and  the  articular  processes  of  the 
lower  four  cervical  vertebrae7  infernal  to  the  transversalis  cervicis  and  trachelo- 
mastoid.  It  has  an  additional  origin  also  from  the  spinous  process  of  the  last 
cervical  vertebra.  It  forms  a  broad  muscular  sheet  which  extends  upwards  in  the 
neck,  to  be  inserted  by  fleshy  and  short  tendinous  fibres  into  the  inner  impression 
between  the  superior  and  inferior  curved  lines  of  the  occipital  bone  (Fig.  312, 
p.  397).  The  inner  portion  of  the  muscle  is  separate,  and  forms  the  biventer 
cervicis,  consisting  of  two  fleshy  bellies  with  an  intervening  tendon,  placed  vertically 
in  contact  with  the  ligamentum  nuchae.  The  insertion  of  the  muscle  is  crossed  by 
the  occipital  artery.  The  complexus  is  covered  mainly  by  the  splenius  and 
trachelo-mastoid  muscles.  It  conceals  the  semispinalis  colli  and  the  muscles  of 
the  suboccipital  triangle,  along  with  the  accompanying  vessels  and  nerves. 


Third  Group. 


This  group  comprises  the  semispinales  and  multifidus  spinae.  \ 
These  muscles  are  only  incompletely  separate  from  one  another.  The  semi- 
spinales, dorsi,  and  colli,  form  a  superficial  stratum,  the  multifidus  spinae  being  more 
deeply  placed.  The  more  superficial  muscles  have  the  longer  fibres  ;  the  fibres  of  the 
multifidus  spinae  pass  over  fewer  vertebrae.  Both  muscles  extend  obliquely  upwards 
from  transverse  to  spinous  processes. 

The  semispinalis  muscle  extends  from  the  loin  to  the  axis  vertebra.  Its 
fibres  are  artificially  separated  into  an  inferior  part,  the  semispinalis  dorsi,  and 
a  superior  part,  the  semispinalis  colli. 

The  semispinalis  dorsi  arises  from  the  transverse  processes  of  the  lower  six 
thoracic  vertebrae.  It  is  inserted  into  the  spinous  processes  of  the  last  two  cervical 
and  first  four  thoracic  vertebrae. 

The  semispinalis  colli  or  cervicis  arises  from  the  transverse  processes  of  the 
upper  six  thoracic  vertebrae  and  the  articular  processes  of  the  lower  four  cervical 
vertebrae.  It  is  inserted  into  the  spines  of  the  cervical  vertebrae  from  the  second  to 
the  fifth.  The  semispinalis  muscle  occupies  the  vertebral  furrow,  and  is  concealed 
by  the  erector  spinae  and  complexus  ;  it  covers  the  multifidus  spinae  muscle.  It  is 
on  the  same  plane  as  the  muscles  of  the  suboccipital  triangle. 

The  multifidus  spinae  differs  from  the  previous  muscle  in  extending  from  the 
sacrum  to  the  axis,  and  in  the  shortness  of  its  fasciculi,  which  pass  over  fewer 
vertebnje  to  reach  their  insertion.    It  arises  from  the  sacrum,  from  the  posterior 
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Insertion  of  stekno 

MASTOID 

iSplenius  CAi'i  ris 

Tr  A  ( 'HELO-M  A  ST( )  I D 


Com  PLEXUS  thrown 

OUTWARDS 

Ijeast  occipital  nerve 


SpLENIUS  CAPITIS 


Trachelo-mastoid, 


Trapezius 
complexus 
Great  occipital  nerve 

ObLIQUUS  SUPERIOR 

Rectus  capitis  posticus  major 
Rectus  capitis  posticus  minor 
Vertebral  artery 
■  Suboccipital  nerve 
Posterior  arch  of  atlas 

OBLIQUUS  inferior 

Posterior  j)riniary  division  of  second 
cervical  nerve 


Posterior  primary  division  of  third 
cervical  nerve 

Deep  cervical  artery 
Posterior  jiriinary  division  of  fourth 
cervical  nerve 


Wkmispinalis  colli 


Fig.  310. — The  Suboccipital  Triangle. 
sacro-iliac  ligament  (Fig.  311,  p.  396),  from  the  mjjnmyiarj  .processes  of  the 


Att  achment  of 
posterior  .sacro- 
iliac ligaments 


Gluteus  niaxiinus  (origin) 
Fig.  311. — Muscle-Attachments  to  the  Sacrum  (Posterior  Aspect). 
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lumbar  vertebra,  from  the  transverse  processes  of  the  thoracic  vertebrse,  and  from 
the  articular  processes  of  the  lower  four  cervical  vertebrae.  It  is  inserted  into  the 
spines  of  thej^ertebrse  up  to  and  including  the  axis.  Lying  in  contact  with  the 
vertebraTlaminfe,  the  muscle  is  covered  in  the  back  and  neclv  by  the  semispinalis, 
and  in  the  loin  by  the  erector  spin^e  muscle. 

Fourth  Group. 

This  group  includes  several  sets  of  small  muscles,  which  are  vertebro-cranial  or 
inter- vertebral  in  their  attachments. 

The  muscles  bounding  the  suboccipital  triangle  are  four  in  number — obliquus 
inferior,  obliquus  superior,  rectus  capitis  posticus  major,  and  rectus  capitis  posticus 
minor. 

These  muscles  are  concealed  by  the  complex  us  and  splenius  capitis  ;  they  enclose 
a  triangular  space  (the  suboccipital  triangle)  in  which  the  vertebral  artery, 
the  posterior  primary  division  of  the  suboccipital  nerve,  and  the  posterior  arch  of 


Couiplexus  (insertion) 


Fig.  312. — Muscle-Attachments  to  Occipital  Bone  (Inferior  Surface). 


the  atlas  are  contained.  The  obliquus  inferior  is  separated  irom  the  semispinalis 
muscle  by  the  great  occipital  (second  cervical)  nerve. 

The  obliquus  inferior  arises  from  the  spine  of  the  axis,  and  is  inserted  into  the 
transverse  process  of  the  atlas. 

The  obliquus  superior  arises  from  the  transverse  process  of  the  atlas,  and  is 
inserted  into  the  occipital  bone  beneath  and  external  to  the  complexus  and  above 
the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  major  arises  from  the  spine  of  the  axis,  and  is 
inserted  into  the  occipital  bone  beneath  the  obliquus  superior  and  complexus,  and 
below  the  inferior  curved  line  (Fig.  312,  p.  397). 

The  rectus  capitis  posticus  minor  arises  beneath  the  previous  muscle  from  the 
spine  of  the  atlas,  and  is  inserted  into  the  occipital  bone  below  the  inferior  curved 
line  internal  to  and  beneath  the  rectus  capitis  posticus  major  (Fig.  312,  p.  397). 

The  rotatores  dorsi  are  eleven  pairs  of  small  muscles  occupying  the  vertebral 
groove  in  the  thoracic  region,  beneath  the  transverso-spinales,  of  which  they  form 
the  deepest  fibres.  Each  consists  of  a  small  slip  arising  from  the  transverse  process, 
and  inserted  into  the  lamina  of  the  vertebra  directly  above. 
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The  inter-spinales  are  bands  of  muscular  fibres  connecting  together  the  spinous 
processes  of  the  vertebra:^. 

The  inter-transversales  are  slender  slips  extending  between  the  transverse 
processes.  They  are  double  in  the  neck,  the  anterior  divisions  of  the  spinal  nerves 
passing  between  them. 

The  rectus  capitis  lateralis,  extending  from  the  transverse  process  of  the  atlas 
to  the  jugular  process  of  the  occipital  bone  (Fig.  312,  p.  397),  is  homologous  with 
the  posterior  of  the  two  inter-transverse  muscles.  In  the  loin  the  inter-transversales 
muscles  are  usually  double,  but  they  are  often  absent,  or  are  replaced  by  membrane. 


Nerve-Supply. 


With,  the  excejDtion  of  the  vertebro- scapular  and  vertebro- humeral  muscles  (trapezius, 
latissimus  dorsi,  levator  anguli  scapulas,  rhomboidei,  318),  the  muscles  of  the  back  are  all 
supj)lied  by  the  ])osterior  primary  divisions  of  the  si3inal  nerves.  In  the  upj)er  j)art  of  the  trunk 
the  muscles  are  supplied  mainly  by  the  external  branches  ;  in  the  lower  j)art  chiefly  by  the 
internal  brandies  of  the  nerves.  In  the  cervical  and  sacral  regions  a  limited  ^^lexiform  arrange- 
ment of  the  nerves  occurs  {postei^ior  cervical  and  posterior  sacral  plexuses). 


Actions. 


The  action  of  these  muscles  is  extremely  complex.  Not  only  do  they  act  on  the  spinal 
column,  ribs,  head,  and  pelvis,  in  conjunction  with  other  muscles,  but  some  of  them  act  also  in 
relation  to  the  movements  of  the  limbs  as  well.  In  this  section  will  be  given  an  analysis  of  their 
movements  in  relation  to  the  sj^inal  column,  head,  and  pelvis.  The  movements  of  the  limbs  and 
of  the  ribs  (resjjiration)  are  dealt  with  in  other  sections.  The  chief  muscles  are  engaged  in  pre- 
serving the  erect  position,  and  in  the  movements  of  the  trunk  they  are  assisted  in  large  measure 
by  muscles  whose  chief  movements  are  referred  to  elsewhere. 

1.  Movements  of  the  Spinal  Column. — The  movements  of  the  vertebral  column  are  flexion, 
extension,  and  lateral  movement  or  rotation.  These  movements  occur  in  all  regions — neck, 
thorax,  and  loin  ;  flexion  and  extension  and  lateral  movement  are  most  limited  in  the  region  of 
the  thorax  ;  while  rotation  is  most  limited  in  the  region  of  the  loin. 


a.  Flexion     and  Extension. 


Longus  colli 

Rectus  caj^itis  anticus  major 
Scaleni  antici  (together) 
Psoas  magnus  and  j)arvus 
Levator  ani 
Ischio-coccygeus 

Sphincter  ani  externus 
Rectus  abdominis 
Pyramidalis  abdominis 
Obliquus  externus  abdominis 
Obliquus  internus  „ 
Trans  versalis 


Serrati  postici 
Splenius  caj^itis 
Splenius  colli 
Erector  spinse 
Semispinalis  dorsi 
Semispinalis  colli 
Comj^lexus 
Multifidus  spinse 
Inters  j)inales 

Intercostal  muscles 
Diaphragm 
Triangularis  sterni 


h.  Lateral  Movement  (Rotation). 


Levator  anguli  scapulae 
Serrati  postici 
Splenius  colli 
Erector  spinse 
Complexus 
Semispinalis 
Multifidus  spinae 
Rotatores  dorsi 
Inter-transversales 
Longus  colli 


Rectus  cajDitis  anticus  major 
Scaleni,  anticus,  medius,  posticus 
Psoas  (magnus  and  parvus) 
Quadratus  lumborum 
Obliquus  externus  abdominis 
Obliquus  internus  „ 
Transversalis  „ 
Rectus  „ 
Pyramidalis  „ 


2.  Movements  of  the  Head. — The  movements  of  the  head  are  flexion  and  extension,  at  the 
occipito-atlantoid  articulation  ;  lateral  movement  and  rotation  at  the  atlanto-axial  joint. 
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a.  Flexion     and  Extension. 

Digastric 

Stylo -hyoid 

Stylo-pliaryngeus 

Mylo-liyoid 

Hyo-glossiis 

Sterno-liyoid 

Sterno-tliyroid 

Omo-liyoid 

Eecti  capitis  antici  (major  and  minor) 
{the  muscles  of  both 

Sterno-mastoid 
Splenins  capitis 
Traclielo-mastoid 
Complexns 
Obliqnus  inferior 

Recti  capitis  postici  (major  and  minor) 
ddes  acting  together) 

b.  Lateral  Movement. 

c.  Rotation. 

Sterno-mastoid 
Splenins  capitis 
Traclielo-mastoid 
Complexns 
Obliqnns  superior 
Rectus  capitis  lateralis 

Sterno-mastoid 
Splenins  capitis 
Traclielo-mastoid 
Comj)lexns 
Obliquus  inferior 
„  superior 
Recti  capitis  postici  (major  and  minor) 

Movements  of  the  Pelvis. — The  movements  of  the  pelvis  (as  in  locomotion)  are  partly 
caused  by  certain  of  the  muscles  of  the  back.  Those  muscles,  which  are  attached  to  the  spinal 
column  or  the  ribs  on  the  one  hand,  and  to  the  innominate  bone  on  the  other,  produce  the 
movements  (flexion,  extension,  and  lateral  movement)  of  the  whole  pelvis.  In  addition,  the 
muscles  passing  between  the  innominate  bone  and  femur,  in  certain  positions  of  the  lower  limb, 
assist  in  these  movements. 


a.  Extension 

and  Flexion. 

Latissimus  dorsi 

Psoas  magnus  and  parvus 

Erector  sj)in9e 

Rectus  abdominis 

Multifidus  spinae  (acting  on  both  sides) 

Pyraniidalis  abdominis 

Obliqnus  externus  abdominis 

Obliqnus  internus  „ 

Transversalis  abdominis  (acting  on  both 

sides) 

Pyriformis 

Glutei 

Obturator  (externus  and  internus) 

Sartorins 

Tensor  fasciae  femoris 

Iliacus 

Rectus  femoris 

Adductors  (in  the  erect  position) 

b.  Lateral  Movement. 

Flexors  and  extensors  of  side  only  [ 

Quadratiis  Inmbornm 

THE  FASCIiE  AND  MUSCLES  OF  THE  HEAD  AND  NECK. 

FASCIA. 

The  superficial  fascia  of  the  head  and  neck  possesses  certain  features  of  special 
interest.  Over  the  scalp  it  is  closely  adherent  to  the  skin  and  subjacent  epicranial 
aponeurosis,  and  contains  the  superficial  vessels  and  nerves.  Beneath  the  skin  of 
the  eyelids  it  is  loose  and  thin  and  contains  no  fat.  Over  the  face  and  at  the 
side  of  the  neck  it  is  separated  from  the  deep  fascia  by  the  facial  muscles  and 
the  platysma  myoides.  In  the  hollow  between  the  buccinator  and  the  masseter 
it  is  continuous  with  a  pad  of  fat  (suctorial  pad)  occupying  the  interval  between 
these  muscles. 
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The  deep  fascia  of  the  head  and  neck  presents  many  remarkable  characters. 
Over  the  scalp  it  is  represented  by  the  epicranial  aponeurosis,  the  tendon  of  the 
occipito-frontalis  muscle.  This  is  a  tough  membrane,  tightly  stretched  over  the 
calvarium,  from  which  it  is  separated  by  loose  areolar  tissue.  It  is  attached 
posteriorly,  partly  through  the  agency  of  the  occipitalis  muscle,  to  the  superior 

curved  line  of  the  oc- 
cipital bone  ;  anteriorly 
it  joins  the  frontalis 
muscle  and  the  orbicu- 
laris palpebrarum,  and 
has  no  bony  attachment ; 
laterally  it  is  attached 
to  the  temporal  ridge 
and  the  mastoid  process. 
Below  the  temporal  ridge 
it  is  continuous  with  the 
temporal  fascia,  a  stout 
layer  of  fascia  attached 
to  the  temporal  ridge 
and  zygomatic  arch, 
which  covers  and  gives 
origin  to  the  temporal 
muscle.  This  fascia 
separates  into  two  layers 
above  the  zygoma,  to 
enclose  a  quantity  of  fat 
along  with  branches  of 
the  temporal  and  orbital 
arteries.  On  the  fa(!e 
the  fascia  is  practically 
non  -  existent  anteriorly 
in  relation  to  the  facial 
muscles.  Posteriorly  it 
forms  the  thin  masseteric 
fascia,  and  is  much 
thicker  in  relation  to 
the  parotid  gland,  for 
which  it  forms  a  capsule. 

In  the  neck  the  deep 
fascia  invests  the  muscles, 
and  forms  aponeurotic 
coverings  for  the  pharynx, 
trachea,  oesophagus, 
glands,  and  large  vessels. 
It  encloses  the  sterno- 
mastoid  muscle,  and  can 
be  traced  backwards  over 
the  posterior  triangle 
to  the  trapezius  and  deeper  muscles,  which  it  surrounds ;  it  can  be  traced  forwards 
over  the  anterior  triangle  to  the  middle  line  of  the  neck,  where  it  ibrms  a 
continuous  membrane.  Above  the  sternum  the  fascia,  after  enclosing  the  sterno- 
mastoid  muscles,  is  attached  in  the  form  of  two  layers  to  the  front  and  back  of  the 
episternal  notch.  The  layer  enclosing  the  infrahyoid  muscles  passes  across  the 
middle  line  of  the  neck  in  front  of  the  trachea,  and  is  attached  above  to  the  hyoid 
bone,  below  to  the  sternum,  clavicle,  and  first  rib.  A  third  layer  of  fascia  passes 
inwards  in  front  of  the  trachea,  enclosing  the  thyroid  body.  Beneath  the  sterno- 
mastoid  the  fascia  helps  to  form  the  carotid  sheath,  which  is  completed  by  septal 
processes  stretching  inwards  across  the  neck  in  relation  to  the  infrahyoid  muscles, 
trachea,  oesophagus,  and  pharynx,  and  the  prevertebral  muscles.    The  trachea, 


Fig.  313. — Transverse  Section  in  the  Cervical  Eegion  (between  fhe 
fourth  and  fifth  cervical  vertebrae). 


1.  Crico-thyroid  muscle. 

2.  Inferior  constrictor  muscle. 

3.  Pharynx. 

4.  Cricoid  cartilage. 

5.  Vocal  cord. 

6.  Thyro-arytenoid  muscle. 

7.  Thyroid  cartilage. 

8.  Glottis. 

9.  Layers  of  deep  cervical  fascia. 

10.  Sterno-hyoid  muscle. 

11.  Omohyoid  muscle. 

12.  Sterno-thyroid  muscle. 

13.  Cervical  fascia. 

14.  Tliyroid  body. 

15.  Common  carotid  artery. 

16.  Descendens  hypoglossi  nerve. 

17.  Sterno-mastoid  muscle. 

18.  Internal  jugular  vein. 

19.  Pneumogastric  nerve. 

20.  Sympathetic  nerve. 

21.  Carotid  sheath. 

22.  Phrenic  nerve. 

23.  LONGUS  COLLI  muscle. 

24.  Rectus  capitis  anticus  major. 

25.  Scalenus  anticus. 


26.  Vertebral  vein. 

27.  Scalenus  medius. 

28.  Posterior  triangle. 

29.  Scalenus  posticus. 

30.  Levator  anguli  scapul.'E. 
;]1.  Spinal  accessory  nerve. 

32.  Splenius  colli. 

33.  Transversalis  crevicis. 

34.  Trachelo-mastoid. 

35.  Spinal  nerve. 

36.  Vertebral  artery. 

37.  Profunda  cervicis  vein. 

38.  Profunda  cervicis  artery. 

30.  MULTIFIDUS  SPIN^.  "^j 

40.  Semispinalis  colli.  ( 

41.  Complexus.  I 

42.  Splenius  capitis.  { 

43.  Trapezius.   ' 

44.  Ligamentuin  nuchse 

45.  Spine  of  fourth  cervical  vertebra. 

46.  Lamina  of  fifth  cervical  vertebra. 

47.  Dura  mater. 

48.  Syjinal  cord. 

49.  Transverse  process. 

50.  Disc  between  fourth  and  fifth  cervical 

vertebrpe. 
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oesophagus,  and  pharynx,  are  likewise  encapsuled  in  cervical  fascia,  a  septal  layer 
passing  across  the  middle  line  of  the  neck  between  the  trachea  and  oesophagus. 
Lastly,  a  strong  prsevertebral  fascia  passes  across  the  neck  in  front  of  the  prtievertebral 
muscles,  and  behind  the  oesophagus  and  pharynx. 

The  cervical  fascia  is  attached  above  to  the  bones  of  the  skull :  superficially  to 
the  superior  curved  line  of  the  occipital  bone,  the  mastoid  process,  the  zygoma 
(over  the  parotid  gland),  and  the  lower  border  of  the  mandible  ;  more  deeply  to  the 
styloid  and  vaginal  processes  of  the  temporal  bone,  the  great  wing  of  the  sphenoid 
and  the  basilar  process.  This  deeper  attachment  {prcevertehral  fascia)  is  behind  the 
parotid  gland  and  pharynx,  and  is  associated  with  the  formation  of  three  ligaments  : 
stylo-mandibular  ligament,  internal  lateral  ligament  of  the  lower  jaw,  and  pterygo- 
spinous  ligament.  The  fascia  is  attached  below,  through  its  muscular  connexions,  to 
the  sternum,  first  rib,  clavicle,  and  scapula.  By  means  of  its  connexion  with  the 
trachea  and  the  common  carotid  artery  it  is  carried  down  behind  the  first  rib  into 
the  superior  mediastinum,  and  so  becomes  continuous  with  the  pericardium. 
By  means  of  its  connexion  with  the  subclavian  vessels  and  brachial  nerves  it  is 
carried  down  to  the  axilla,  as  the  subclavian  sheath,  which  becomes  connected  with 
the  costo-coracoid  membrane. 

THE  MUSCLES  OF  THE  HEAD. 

The  muscles  of  the  head  are  divisible  into  three  separate  groups  with  very 
iifferent  relations  and  uses — viz.,  superficial  muscles,  muscles  of  the  orbit,  and 
muscles  of  mastication. 

Superficial  Muscles. 

The  superficial  muscles  comprise  a  large  group,  including  the  muscles  of  the 
5calp  and  face,  and  the  platysma  myoides  in  the  neck. 

The  platysma  myoides  is  a  thin  quadrilateral  sheet  extending  from  chest  to 
face  over  the  side  of  the  neck,  between  the  superficial  and  deep  fasciae.  It  arises 
Tom  the  deep  fascia  of  the  pectoral  region  and  the  cla/icle.  It  is  directed 
ipwards  and  forwards,  and  is  partly  inserted  (by  its  intermediate  fibres)  into  the  lower 
3order  of  the  mandible,  becoming  connected  with  the  depressor  labii  inferioris  and 
iepressor  anguli  oris  muscles  (Fig.  319,  p.  407).  The  more  anterior  fibres  pass 
icross  the  middle  line  of  the  neck  and  decussate  for  a  variable  distance  below  the 
)hin  with  those  of  the  opposite  side.  The  posterior  fibres  sweep  over  the  angle  of 
)he  jaw  and  become  continuous  with  the  risorius  muscle.  The  platysma  myoides 
s  the  rudiment  of  the  cervical  portion  of  the  panniculus  carnosus  of  lower  animals, 
n  which  it  has  a  much  more  intimate  connexion  with  the  muscles  of  the  face  than 
s  usually  the  case  in  man. 

The  Muscles  of  the  Scalp. 

The  muscles  of  the  scalp  comprise  the  muscles  of  the  external  ear  and  the 
)Ccipito-frontalis  muscle. 

The  occipito-frontalis  is  a  muscle  with  two  bellies  and  an  intervening  tendon 
the  epicranial  aponeurosis)  which  stretches  uninterruptedly  across  the  middle  line  of 
3he  cranium.  The  posterior  belly  (occipitalis)  arises  as  a  broad  flat  band  from  the 
Duter  two- thirds  of  the  superior  curved  line  of  the  occipital  bone.  The  aAterior 
belly  (frontalis)  has  no  bony  attachments ;  arising  from  the  epicranial  aponeurosis 
ibout  the  level  of  the  coronal  suture,  it  passes  downwards  to  the  supra-orbital 
irch,  where  it  blends  with  the  orbicularis  palpebrarum  and  corru gator  supercilii 
muscles.  It  extends  across  the  full  width  of  the  forehead,  and  blends  in  the 
tniddle  line  with  the  muscle  of  the  opposite  side. 

The  epicranial  aponeurosis,  extending  between  the  two  fleshy  bellies,  is  a  con- 
jinuous  membrane  which  glides  over  the  calvarium,  and  has  attachments  laterally 
,0  the  temporal  ridge,  and  behind,  between  the  posterior  bellies,  to  the  superior 
curved  line  of  the  occipital  bone.  It  has  no  osseous  attachment  anteriorly.  The 
)ccipito-frontalis  is  usually  rudimentary.  By  the  contraction  of  the  fibres  of  the 
rontalis  muscle  the  skin  of  the  forehead  is  thrown  into  horizontal  parallel  folds. 
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The  extrinsic  muscles  of  the  ear  are  three  in  number :  retrahens,  attoUens, 
and  attrahens  aurem. 

The  retrahens  aurem  (m.  auricularis  posterior)  is  a  narrow  fleshy  slip  which 
arises  from  the  surface  of  the  mastoid  process  and  is  inserted  into  the  deep  surface 
of  the  pinna.  It  bridges  across  the  groove  between  the  mastoid  process  and  the 
pinna,  and  conceals  the  posterior  auricular  vessels  and  nerve. 

The  attoUens  aurem  (m.  auricularis  superior)  is  a  small  fan-shaped  muscle 
which  arises  from  the  temporal  fascia,  and  descends  to  be  inserted  into  the  top  of 
the  root  of  the  pinna. 

The  attrahens  aurem  (m.  auricularis  anterior)  is  a  similar  small  muscle,  placed 
in  front  of  the  attollens,  and  stretching  obliquely  between  the  temporal  fascia  and 
the  top  of  the  root  of  the  pinna. 

Epicranial  aponeurosis      Attrahens  aurem 


Fig.  314. — The  Muscles  of  the  Face  and  Scalp  (muscles  of  expression). 


These  two  muscles  conceal  branches  of  the  temporal  vessels  as  they  lie  on  the 
temporal  fascia. 

The  ear  muscles  are  rudimentary  and  usually  functionless. 

The  Muscles  of  the  Face. 

The  facial  muscles  are  divided  into  three  groups,  associated  with  the  several 
apertures  of  the  e^e,  nose,  and  mouth. 

1.  The  muscles  of  the  eyelids  include  four  muscles:  the  levator  palpebrse 
superioris  (described  with  the  orbital  muscles),  orbicularis  palpebrarum,  tensor  tarsi, 
and  corrugator  supercilii. 

The  orbicularis  palpebrarum  (m.  orbicularis  oculi)  is  a  transversely  oval 
sphincter  muscle  surrounding  and  occupying  the  eyelids.  It  is  divisible  into  an 
external  portion  (pars  orbitalis)  composed  of  coarse  fibres,  spreading  on  to  the  forehead, 
temple,  and  cheek,  and  an  internal  portion  (pars  palpebralis),  composed  of  finer 
fibres,  situated  beneath  the  skin  of  the  eyelids.  At  the  inner  canthus  of  the  eye 
the  muscle  (by  its  palpebral  fibres)  gains  an  attachment  to  the  tarsal  ligament 
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aud  the  borders  of  the  naso-lachrymal  groove.  Its  fibres  enclose  the  lachrymal 
sac  and  the  canaliculi.  The  posterior  fibres,  extending  between  the  posterior  edge 
of  the  naso-lachrymal  groove  and  the  tarsal  ligaments  behind  the  lachrymal  sac, 
constitute  the  tensor  tarsi  muscle.  The  fibres  of  the  muscle  which  extend  along  the 
margins  of  the  lids  constitute  a  separate  ciliary  bundle. 

Externally  the  orbicularis  palpebrarum  has  no  bony  attachment  ;  so  that  when 
it  contracts  and  closes  the  eyelids,  both  lids  at  the  same  time  tend  to  be  drawn 
inwards  towards  the  inner  canthus  of  the  eye. 

The  corrugator  supercilii  arises  from  the  nasal  eminence,  and  passing  horizon- 
tally outwards,  blends  with  the  upper  fibres  of  the  orbicularis  palpebrarum  on  its 
under  surface.  The  contraction  of  this  muscle  throws  the  skin  of  the  forehead  into 
vertical  folds,  while  at  the  same  time  drawing  the  inner  half  of  the  eyebrow  upwards, 
it  produces  concentric  curved  folds  on  each  side  of  the  middle  line  of  the  forehead. 

2.  The  muscles  of  the  nose  comprise  five  small  muscles  proper  to  the  nose,  and 
one  common  to  the  nose  and  upper  lip :  the  pyramidalis  nasi,  compressor  naris. 
dilatores  naris  (anterior  and  posterior),  depressor  alse  nasi,  and  levator  labii 
superioris  ala^que  nasi.    They  are  all  small  and  feeble. 

The  pyramidalis  nasi  arises  from  the  occipito-frontalis  muscle  and  the  skin 
over  the  glabella ;  it  is  inserted  into  a  membrane  stretching  over  the  nose,  which 
also  gives  attachment  to  the  compressor  naris. 

The  compressor  naris  (m.  nasalis)  arises  by  a  narrow  origin  from  the  superior 
maxilla,  under  cover  of  the  levator  labii  superioris  al?e(][ue  nasi.  It  passes  forwards 
over  the  bridge  of  the  nose,  and  ends  in  a  membranous  insertion  common  to  it  and 
the  previous  muscle. 

The  dilatores  naris  are  feeble  muscular  slips  placed  on  the  outer  side  of  the 
margin  of  the  nostril,  one  anteriorly,  the  other  posteriorly. 

The  depressor  alse  nasi  is  a  small  nmscle  arising  from  the  upper  part  of  the 
incisor  fossa  of  the  maxilla ;  it  divides  into  two  parts  as  it  passes  upwards  and 
inwards,  and  is  inserted  into  the  ala  and  the  septum  of  the  nose  (depressor  septi). 

The  levator  labii  inferioris  alseque  nasi  is  a  narrow^  band  arising  from  the  root 
of  the  nasal  process  of  the  maxilla.  It  descends  alongside  the  nose,  and  is  inserted 
partly  into  the  ala  of  the  nose  and  partly  into  the  orbicularis  oris  muscle.  ovIa!^, 

3.  The  muscles  of  the  mouth  comprise  eleven  muscles,  of  which  all  but  one,^-^j^-^r'^^ 
the  orbicularis  oris,  are  bilaterally  placed.    The  muscles  are  :  levator  labii  superioris^.  ^vu-i^^v^ 
alaeque  nasi,  levator  labii  superioris,  levator_anguli  oris,  zygomatici  (major  and  ^  _ '^^^^^^t*,^ 
minor),  risorius,  orHcularis  oris,  depressor  anguli  oris,  depressor  labii  inferioris,  ^<>^, 
levator  menti,  and  buccinator.  ^  ■^^^L.xJ 

The  orbicularis  oris  is  the  sphincter  muscle  surrounding  the  lips.  It  is  con- 
tinuous with  the  other  muscles  converging  to  the  mouth.  It  lies  between  the  skin 
and  mucous  membrane  of  the  mouth,  and  is  limited  above  by  the  nose,  below  by 
the  junction  of  lower  lip  and  chin.  Its  mesial  fibres  are  attached  above  to  the 
septum  of  the  nose  (naso-labial  band)  and  to  the  incisor  fossa  (superior  incisive 
bundle) ;  below^  they  are  attached  to  the  lower  jaw  on  each  side  of  the  symphysis 
(inferior  incisive  bundle).  These  bundles  radiate  outwards  to  join  the  rest  of  the 
muscle,  which  is  joined  at  its  margin  by  the  levators  and  depressors  of  the  lower 
lip  and  angle  of  the  mouth,  and  by  the  buccinator  muscle.  The  loiver  fihres  of  the 
muscle  are  continued  laterally  into  the  buccinator  and  levator  anguli  oris ;  its 
v/pjper  fibres  are  continued  into  the  buccinator  and  depressor  anguli  oris. 
The  levator  labii  superioris  alseque  nasi  has  already  been  described. 
The  levator  labii  superioris  arises  from  the  superior  maxilla  just  above  the 
infra -orbital  foramen.  It  passes  almost  vertically  downwards  to  join  the  orbi- 
cularis oris  and  the  skin  of  the  upper  lip  between  the  attachments  of  the  levator 
labii  superioris  alseque  nasi  and  the  levator  anguli  oris.  It  conceals  the  infra- 
orbital vessels  and  nerve. 

The  levator  anguli  oris  arises  from  the  canine  fossa  of  the  upper  jaw  below  the 
infra  -  orbital  foramen  and  under  cover  of  the  foregoing  muscle.    It  is  directed 
outwards  and  downwards,  to  be  inserted  into  the  orbicularis  oris  and  the  skin  at 
the  angle  of  the  mouth. 
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The  zygomatici  (major  and  minor)  are  more  superficial  than  the  preceding 
muscle. 

The  zygomaticus  minor  is  the  anterior  muscle.  It  arises  from  the  malar  bone, 
and  is  often  continuous  with  the  most  peripheral  fibres  of  the  orbicularis  palpe- 
brarum. It  is  directed  obliquely  downwards  and  forwards  over  the  levator  anguli 
oris,  to  be  inserted,  along  with  the  levator  labii  superioris,  into  the  orbicularis  oris. 
The  zygomaticus  major  is  a  narrow  muscular  band  which  arises  from  the  malar 
portion  of  the  zygomatic  arch.  It  passes  to  the  angle  of  the  mouth,  to  be  inserted 
partly  into  the  skin,  partly  into  the  orbicularis  oris. 

The  risorius  is  a  thin  flat  muscle  which  forms  in  part  a  continuation  of  the 
platysma  myoides  on  the  face,  in  part  a  separate  muscle,  with  an  origin  from  the 
masseteric  fascia.  It  passes  transversely  forwards,  to  be  inserted  at  the  angle  of 
the  mouth  into  the  orbicularis  oris  and  skin. 

The  depressor  anguli  oris  arises  from  the  external  oblique  line  of  the  lower  jaw 
and  i'rom  the  platysma  myoides  (Fig.  319,  p.  407).  It  is  triangular  in  form,  its 
fibres  converging  to  the  angle  of  the  mouth,  where  they  are  inserted  into  the 
orbicularis  oris  and  the  skin.  Some  of  the  fibres  reach  the  upper  lip  through  the 
orbicularis  muscle. 

The  depressor  labii  inferioris  arises  from  the  outer  surface  of  the  lower  jaw 
beneath  and  internal  to  the  depressor  anguli  oris  (Fig.  319,  p.  407).  It  is  quadri- 
lateral in  form,  and  is  directed  upwards,  to  be  inserted  into  the  orbicularis  oris  and 
the  skin  of  the  lower  lip.  Its  external  fibres  conceal  the  mental  foramen,  and  are 
overlapped  by  the  depressor  anguli  oris.  Its  internal  fibres  join  with  those  of  the 
opposite  muscle. 

The  levator  menti  is  a  small  muscle  which  arises  from  the  incisor  fossa  of  the 
lower  jaw  (Fig.  319,  p.  407),  and  passing  forwards,  is  inserted  into  the  skin  of 
the  chin. 

The  buccinator  muscle  forms  the  lateral  wall  of  the  mouth,  and  is  in  series 
posteriorly  with  the  constrictor  muscles  of  the  pharynx.  It  arises  (1)  from  the 
alveolar  arches  of  the  upper  and  lower  jaws  (Fig.  319,  p.  407),  and  between  these 
attachments,  from  the  pterygo- mandibular  ligament.  Its  fibres  are  directed 
forwards  to  the  angle  of  the  mouth,  where  they  blend  with  the  corresponding 
(upper  and  lower)  portions  of  the  orbicularis  oris  muscle.  The  middle  jihres  of  the 
muscle  decussate  at  the  angle  of  the  mouth,  so  as  to  pass,  the  lower  set  to  the 
upper  lip,  the  upper  set  to  the  lower  lip.  The  buccinator  is  covered  on  its  deep 
surface  by  the  mucous  membrane  of  the  mouth.  Superficially  it  is  concealed  by 
the  muscles  above  mentioned,  which  converge  to  the  angle  of  the  mouth ;  it  is 
separated  from  the  masseter  by  the  suctorial  'pad  of  fat ;  it  is  pierced  by  the  duct 
of  the  parotid  gland,  and  by  branches  of  the  long  buccal  nerve. 

Nerve-Supply. 

The  facial  and  scalp  muscles  are  all  innervated  by  tlie  facial  nerve.  Tlia  posterior  auricular 
branch  supplies  the  retraliens  aureni  and  occipitalis  ;  the  branches  forming  the  pes  anserinus 
supply  the  frontalis,  attollens,  and  attrahens  aurem,  the  several  muscles  associated  with  the 
apertures  of  the  eye,  nose,  and  mouth  (including  the  buccinator),  and  the  platysma  myoides. 

Actions. 

The  almost  infinite  variety  of  facial  expression  is  produced  partly  by  the  action  of  these 
muscles,  partly  by  their  inactivity,  or  by  the  action  of  antagonising  muscles  (antithesis).  On  the 
one  hand  joy  is,  for  exam]3le,  betrayed  by  the  action  of  one  set  of  muscles,  while  grief  is  accom- 
panied by  the  contraction  of  another  (opposing)  set.  Determination  or  eagerness  is  accompanied 
by  a  fixed  expression  due  to  a  combination  of  muscles  acting  together ;  despair,  on  the  other 
hand,  is  exjDressed  by  a  relaxation  of  muscular  action.  For  a  j)hilosophical  account  of  the  action 
of  the  facial  muscles,  the  student  should  consult  Darwin's  Expression  of  the  Emotions  in  Man  and 
Animals,  and  Duchenne's  Mechanisme  de  la  Physiologic  humaine. 

The  platysma  myoides  retracts  and  depresses  the  angle  of  the  mouth,  and  dej^resses  the  lowe 
jaw.  The  occipito- frontalis,  by  its  anterior  belly,  raises  the  eyebrows  ;  both  bellies  acting 
together  tighten  the  skin  of  the  scalj^ ;  acting  along  with  the  orbicularis  paljDeljrarum,  it  shifts 
the  scalp  backwards  and  forwards.  The  corrugator  supercilii  draws  inwards  the  eyebrow 
and  vertically  wrinkles  the  skin  of  the  foreliead.  The  pyramidalis  nasi  draws  downwards  the 
skin  between  the  eyebrows,  as  in  frowning.  The  upper  eyelid  is  raised  by  the  levator  palpebrse 
superioris.    The  closure  of  the  lids  is  effected  by  the  orbicularis  palpebrarum,  whose  fibres  also 
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assist  in  the  lowering  of  the  eyebrows,  in  the  protection  of  the  eyeball,  and,  by  j)ressure  on 
the  lachrymal  gland,  in  the  secretion  of  tears.  The  tensor  tarsi,  acting  along  with  the  orbicularis 
palpebrarum,  compresses  the  lachrymal  sac  and  aids  in  the  passage  of  its  contents  into  the  nasal 
duct.  The  muscles  of  the  ear  and  nose  have  quite  rudimentary  actions  expressed  by  their 
1  names.  Of  the  muscles  of  the  mouth,  the  orbicularis  oris  has  a  complex  action,  depending  on  the 
degree  of  contraction  of  its  component  parts.  It  causes  compression  and  closure  of  the  lips  in 
i  various  ways,  tightening  the  lips  over  the  teeth,  contracting  them  as  in  osculation,  or  causing 
!  pouting  or  protrusion  of  one  or  the  other.  The  accessory  muscles  of  the  lips  draw  them  upwards 
(zygomatici,  levator  anguli  oris,  levator  labii  superioris  alteque  nasi,  levator  labii  superioris), 
outwards  (zygomaticus  major,  risorius,  platysma,  depressor  anguli  oris,  buccinator),  and  down- 
wards (depressor  anguli  oris,  depressor  labii  inferioris,  platysma).  The  levator  menti  elevates  the 
skin  of  the  chin  and  protrudes  the  lower  lij).  The  buccinator  retracts  the  angles  of  the  mouth, 
flattens  the  cheeks,  and  brings  them  in  contact  with  the  teeth. 


Levator  palpehr^  ruperioris 
Rectus  superior 

Obliquus  Superior 

Rectus  internus 


Rectus  externi 
Obliquus  inferior 


Rectus  inferior. 


Fig.  315. — Transverse  Vertical  Section  through  the  Orbit 

BEHIND  THE   EYEBALL  TO  SHOW  THE  ARRANGEMENT  OF  MuSCLES. 


The  Fascia  and  Muscles  of  the  Orbit. 

The  eyeball  with  its  muscles,  vessels,  and  nerves,  is  lodged  in  a  mass  of  soft 
and  yielding  fat  which  entirely  fills  up  the  cavity  of  the  orbit.  Surrounding 
the  posterior  part  of  the  eye- 
ball is  the  capsule  of  Tenon, 
which  constitutes  a  large 
lymph  space  or  synovial 
bursa  in  relation  to  the  eye- 
ball. Anteriorly  the  capsule 
is  in  contact  with  the  con- 
junctiva, and  intervenes 
between  the  latter  and  the 
eyeball;  posteriorly  it  is 
pierced  by  and  prolonged 
along  the  optic  nerve.  It  is 
a  smooth  membrane  connected 
to  the  globe  of  the  eye  by 
loose  areolar  tissue.  It  is 
pierced  by  the  tendons  of  the 
ocular  muscles,  along  which  it  sends  prolongations  continuous  with  the  muscular 

sheaths. 

Orbicularis  palpebrarum  rpi^^  n  o  ,  t  t 

I  he  muscles  of  the  orbit  are  seven 
in  number :  one,  the  levator  palpebrse 
superioris,  belongs  to  the  upper  eyelid ; 
the  other  six  are  muscles  of  the  eyeball. 

The  levator  palpebrae  superioris 
lies  immediately  beneath  the  orbital 
periosteum  and  covers  the  superior 
rectus  muscle.  It  has  a  narrow  origin 
above  that  muscle  from  the  margin 
of  the  optic  foramen.  It  expands  as  it 
passes  forwards,  to  end,  in  relation  to 
the  upper  lid,  in  a  membranous  ex- 
pansion which  is  inserted  in  a  fourfold 
manner:  (1)  slightly  into  the  orbicularis 
palpebrarum  and  skin  of  the  upper 
lid,  (2)  mainly  into  the  upper  border  of 
the  tarsal  cartilage,  (3)  slightly  into  the 
conjunctiva,  and  (4)  by  its  edges  into 
the  upper  border  of  the  margin  of  the 
orbital  opening. 

The  recti  muscles  are  four  in 
number— superior,  inferior,  internal,  and 
external.  They  all  arise  from  a  mem- 
branous ring  surrounding  the  optic 
foramen,  which  is  separable  into  two 
-a  superior  common  tendon,  giving  origin  to  the  superior  and  internal 
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recti  and  the  upper  head  of  the  external  rectus ;  and  an  inferior  common  tendon, 
giving  origin  to  the  internal  and  inferior  recti  and  the  lower  head  of  the  external 
rectus.  The  two  origins  of  the  external  rectus  muscle  are  separated  by  the  passage 
into  the  orbit  of  the  oculo-motor,  nasal,  and  abducent  nerves.  Forming  flattened 
bands  which  traverse  the  fat  of  the  orbit  around  the  optic  nerve  and  eyeball,  the 

four  muscles  end 
in  tendons  which 
pierce  the  capsule 
of  Tenon,  and  are 
inserted  into  the 
sclerotic  about  eight 
millimetres  ^tferee 
to-fou^iaes)  behind 
the  margin  of  the 
cornea.  The  sup- 
erior and  inferior 
recti  are  inserted  in 
the  vertical  plane 
slightly  internal  to 
the  axis  of  the  eye- 
ball ;   the  external 

Obliquus  inferior  Rectus  inferior  i  •    .  i  • 

^  ^  ^      ,  and  internal  recti  m 

Fig.  317. — The  Muscles  of  the  Orbit  (from  without).  .  i     ,  i 

^  the  transverse  plane 

of  the  eyeball ;  and  all  are  attached  in  front  of  the  equator  of  the  eyeball. 

The  obliquus  superior  arises  from  the  margin  of  the  optic  foramen  between 

the  recti  superior  and  internus.    It  passes  forwards  as  a  narrow  muscular  band 

internal  to  the  rectus  superior,  and  at  the  anterior  margin  of  the  orbit  forms  a 

narrow  tendon  which  passes  through  a  special  fibrous  pulley  (trochlea)  attached 

to  the  roof  of  the  orbit.    Its  direction  is  then  altered,  and  passing  outwards 
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Trochlear  nerve 


Rectus  externui 


Abducent  nerve 

Oculo-motor  nerve  (inferior 
division) 

Lenticular  ganglion 

Nerve  to  rectus  inferior,  from 
oculo-motor  nerve 
Nerve  to  obliquus  inferior, 
from  oculo-motor  nerve' 


OBl.KiUrs  IXFERIOR 

Fig.  318. — Schematic  Kepresentation  of  the  Nerves  which 


Supra-trochlear  nerv( 

Levator  palpebr^e 
superioris 
 -Rectus  superior 

— -Obliquus  superior 
—Nasal  nerve 


Infra-trochlear  nerve 

Rectus internus 
Nerve  to  rectus  internus  from 
^oculo-motor 
-^Ophthalmic  artery 

-^Optic  nerve 
■-Long  ciliary  nerves 


Rectus  inferior 


traverse  the  Cavity  of  the  Orbit. 


between  the  tendon  of  the  superior  rectus  and  the  eyeball,  it  is  inserted  into  the 
sclerotic  between  the  su-perior  and  external  recti,  midway  between  the  margin  of 
the  cornea  and  the  entrance  of  the  optic  nerve. 

The  obliquus  inferior  arises  from  the  inner  side  of  the  floor  of  the  orbit  just 
behind  its  anterior  margin,  and  ^ternal  to  the  naso-lachrymal  groove.  It  forms 
a  slender  rounded  slip,  which  curls  round  the  inferior  rectus  tendon,  and"^^  passes 
between  the  external  rectus  /and  the  eyeball,  to  be  inserted  into  the  sclerotic 
between  the  superior  and  Eternal  recti,  and  farther  back  than  the  superior 
oblique  muscle. 


Miiller's  muscle  is  a  rudimentary  bundle  of  non-striated  muscular  fibres  bridging  across  the 
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spheno-maxillaiy  fissure  and  infra-orbital  groove.  It  is  supplied  by  fibres  from  the  sympathetic, 
and  may  have  a  slight  influence  in  the  protrusion  of  the  eyeball. 

Nerve-Supply. 

The  muscles  of  the  orbital  cavity  are  supplied  by  the  third,  fourth,  and  sixth  cranial  nerves. 
The  fourth  nerve  (trochlearis)  supplies  the  obliquus  superior ;  the  sixth,  (abducens)  supplies  the 
rectus  exlernus  ;  the  third  nerve  (motor  oculi)  suj^j^lies  the  others — levator  j^alpebrse  suj)erioris, 
recti,  superior,  inferior  and  internus,  and  obliquus  inferior. 

Actions. 

The  levator  palpebrse  superioris  elevates  the  upper  eyelid  and  antagonises  the  orbicularis 
palj)ebrarum  muscle.  The  six  muscles  inserted  into  the  eyeball  serve  to  move  the  longitudinal 
axis  of  the  eyeball  upwards,  downwards,  inwards,  and  outwards,  besides  causing  a  rotation  of  the 
eyeball  on  its  own  axis.  The  following  table  expresses  the  action  of  individual  muscles.  It  must 
be  remembered  that,  while  similar  movements  occur  simultaneously  in  the  two  eyeballs,  the 
horizontal  movements  may,  by  adduction  of  the  muscles  of  both  sides,  cause  convergence  of  the 
axes  of  the  two  eyeballs  for  the  purposes  of  near  vision. 


a.  Adduction 

and 

Abduction. 

Rectus  internus 
Eectus  superior  V 
Rectus  inferior  J 

Rectus  externus 

Obliquus  superior \  (correc^m^/ 

Obliquus  inferior  j adductors) 

h.  Elevation  and 

Depression. 

Rectus  superior 
Obliquus  inferior 

Rectus  inferior 
Obliquus  superior 

c.  Rotation  outwards. 

Rotation  inwards. 

Obliquus  inferior 

Obliquus  superior 

Rectus  superior \        ,7    ,  •  x 

Rectus  inferior  1^*^  adduction) 

1^. 


dUJ- 


4A^  f-^rj-  ^ 


temporal,  external  and 


Touiporal (part 
ot  insf^rtion) 


External  Ptory- 
goid  (insertion)" 


Muscles  of  Mastication. 

The  muscles  of  mastication  comprise  the  masseter, 
internal  pterygoids, 
and  buccinator  (de- 
scribed above). 

The  masseter 
has  an  origin  which 
is  partly  tendinous 
and  partly  fleshy.  It 
arises  in  two  parts  : 
(1)  superficially  from 
the  lower  border  of 
the  zygoma  in  its 
anterior  two-thirds, 
and  (2)  more  deeply 
from  the  deep  or 
inner  surface  of  the 
zygoma  in  its  whole 
length.  The  super- 
ficial fibres  are 
directed  downwards 
and  backwards  to- 
wards the  angle  of 

the  jaw ;  the  deeper  fibres  are  directed  vertically  downwards.  The  muscle  is 
inserted  by  fleshy  and  tendinous  fibres  into  the  outer  surface  of  the  ramus  and 
angle  of  the  lower  jaw  and  the  coronoid  process  (Fig.  319,  p.  407).  The  deepest 
fibres  blend  with  the  fibres  of  the  subjacent  temporal  muscle. 


Depressor 
anguli  oris  (origin) 

Depressor  labu 
inferior]  s  (orJgin) 
Levator  uienti 
(oiigm) 
Plat>  Mna 
(insertion) 


Fig.  319. — Muscle-Attachments  to  the  Outer  Aspect  of  the  Lower  Jaw. 
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The  masseter  muscle  occupies  the  posterior  part  of  the  cheek.  It  is  covered  by 
the  parotid  gland,  and  is  crossed  by  Stenson's  duct  and  the  branches  of  the 


Epicranial  aponeurosis  ^ 


Temporal  fascia 


Temporal  fascia  (deep  H 

layer)     ^~   . 


occipito-frontalis 
Temporal  muscle 

Anriclo-tempora] 
nerve 

Superficial  temporal 
artery 

Masseter  (deep  fibres). 


Parotid  gland 
(drawn  backwards 


and  downwards) 


Orbicularis 
palpebrarum 


ZyGOMATICUS  MAJOR 


Masseter  (superficial 
fibres) 

Stenson's  duct 


Buccinator 
Depressor  anguli  oris 


Facial  artery 


Fig.  320.— Muscles  of  Mastication  (superficial  view). 


External  Ptery- 
goid (insertion) 


facial  nerve.    It  conceals  the  lower  jaw  and  a  part  of  the  temporal  muscle,  and  is 
separated  from  the  buccinator  muscle  anteriorly  by  a  pad  of  iat. 
^  The  temporal  mus- 

cle is  a  fan -shaped 
muscle  arising  from  the 
whole  area  of  the 
temporal  fossa,  as  well 
as  from  the  temporal 
fascia  which  covers  it. 
Its  converging  fibres 
pass  beneath  the  zygo- 
matic arch.  In  the 
pterygoid  region  the 
muscle  is  inserted  into 
the  deep  surface  and 
apex  of  the  coronoid 
process,  and  into  the 
anterior  border  of  the 
ramus  of  the  lower  jaw 
(Figs.  319,  p.  407,  and 
321,  p.  408). 

The  muscle  is  con- 
cealed by  the  temporal 
fascia,  zygoma,  the  mas- 
the  external  pterygoid 


YiQ,  321.— Muscle-Attachments  on  the  Inner  Side  of  the 
Lower  Jaw. 


seter  muscle,  and  the  coronoid  process.     It  crosses  over 
muscle  and  the  internal  maxillary  artery. 

The  external  pterygoid  muscle  arises  by  two  heads,  upper  and  lower 
upper  head  is  attached  to  the  under  surface  of  the  great  wing  of  the  sphenoid ;  ^he 
lower  head  takes  origin  from  the  outer  surface  of  the  external  pterygoid  plate 


The 


The 
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muscle  is  directed  outwards  and  backwards,  to  be  inserted  into  (1)  the  depression  in 
front  of  the  neck  of  the  lower  jaw  (Figs.  319,  p.  407,  and  321,  p.  408),  and  (2)  the 
inter-articular  fibro-cartilage  and  capsule  of  the  temporo-niaxillary  articulation. 


Epicranial 
aponeurosis 


Temporal  muscle 


Auriculo-teniporal 
nerve 

Superficial  temporal, 
artery 


External  pterygoid 

Nerve  to  masseter 
Parotid  gland 
Masseter  (cut) 


Posterior  dental 
nerve 


Long  buccal  nerve 
Stenson's  duct. 


Buccinator 

MUSCLE 


Fig.  322. — Muscles  of  Mastication,  Deeper  View  (zygoma  and  masseter  muscle  removed). 

The  muscle  is  placed  deeply  in  the  pterygoid  region.  Covered  by  the  temporal 
muscle  and  coronoid  process,  it  partially  conceals  the  internal  pterygoid  muscle 


Epicranial  aponeurosis' 


Temporal  muscle — 


Auriculo-temporal  nerve 

Superficial  temporal 
artery 

External  carotid  artery 

Internal  lateral  ligament 
Posterior  auricular  artery 
Lingual  nerve 
Mylo-hyoid  nerve 
Parotid  gland 


Inferior  dental  nerve 


Masseter  (cut)' 


Temporal  branch  ot 
buccal  nerve 
\  Temporal  branches  of 
/  inferior  maxillary  nerve 


External  pterygoid 

Posterior  dental  artery 

Posterior  dental  nerve 

Long  buccal  nerve 

Pterygo-niandibular 

ligament 


Mental  branch  of  inferior 
dental  nerve 


Fig.  323. — Pterygoid  Region. 


and  the  trunk  and  branches  of  the  inferior  maxillary  nerve.  The  internal  maxillary 
artery  ]Dasses  over  or  under  the  muscle,  and  disappears  between  its  two  heads  of 
origin  on  its  way  to  the  spheno-maxillary  fossa. 
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The  internal  pterygoid  muscle  has  likewise  a  double  origin— (1)  from  the  deep 
surface  of  the  external  pterygoid  plate  and  the  tuberosity  of  the  palate,  and  (2) 
by  a  stout  tendon  from  the  tuberosity  of  the  upper  jaw.  Its  two  heads  of  origin 
embrace  the  lower  fibres  of  the  external  pterygoid  muscle.  It  is  quadrilateral  in 
form,  and  is  directed  downwards,  outwards,  and  backwards,  to  be  inserted  into  a 
triangular  impression  on  the  inner  surface  of  the  lower  jaw,  between  the  mylo- 
hyoid groove  and  the  angle  of  the  bone  (Fig.  321,  p.  408). 

The  muscle  is  covered  over  by  the  external  pterygoid  muscle,  by  branches  of 
the  inferior  maxillary  nerve,  and  by  the  internal  lateral  ligament  and  ramus  of 
the  lower  jaw.  Beneath  it  are  the  Eustachian  tube,  muscles  of  the  soft  palate,  and 
the  pharynx  (superior  constrictor). 

Nerve -Supply. 

Tlie  inferior  maxillary  division  of  the  fifth  nerve  supplies  all  the  muscles  of  mastication 
except  the  buccinator,  which  is  supplied  by  the  facial  nerve.  The  internal  pterygoid  muscle  is 
supplied  by  the  nerve  before  its  division  into  anterior  and  posterior  parts  ;  the  other  muscles  are 
innervated  by  the  anterior  trunk. 

Actions. 

The  above  muscles,  assisted  by  others  in  the  neck,  produce  the  various  movements  of  the 
lower  jaw,  as  follows  : — 


a.  Opening  and 

Closure  of  the  Jaw. 

Weight  of  the  jaw 

Digastric 

Mylo-hyoid 

Genio-hyoid 

Genio-liyo-glossus 

Infra-hyoid  muscles 

Masseter 
Temporal 
Internal  j)terygoid 

h.  Protrusion  and 

Retraction. 

External  pterygoid 
Internal  pterygoid 
Temporal  {anterior  fibres) 

Temporal  {posterior  fibres) 

c.  Lateral  Movement  of  the  Jaw. 

External  pterygoid 
Internal  „ 

j^(o/  one  side) 

THE  MUSCLES  OF  THE  NECK. 

The  muscles  in  the  neck  include,  in  addition  to  those  included  in  the  description 
of  the  muscles  of  the  back  (p.  395),  the  following  series :  (1)  sterno-cleido- 
mastoid ;  (2)  the  muscles  of  the  hyoid  bone  (supra-hyoid  and  infra-hyoid)  ;  (3)  the 
muscles  of  the  tongue  (extrinsic  and  intrinsic) ;  (4)  the  muscles  of  the  pharynx  and 
soft  palate  ;  and  (5)  the  praevertebral  muscles. 

The  sterno-cleido-mastoid  muscle  is  the  prominent  muscle  projecting  on  the 
side  of  the  neck.  It  arises  by  two  heads — (1)  a  narrow  tendinous  sternal  head, 
from  the  anterior  surface  of  the  manubrium  sterni  (Fig.  246,  p.  322),  and  (2)  a 
broader  clavicular  origin,  partly  tendinous,  partly  fleshy,  from  the  upper  surface  of 
the  clavicle  in  its  inner  third  (Fig.  243,  p.  319).  The  muscle  is  inserted  into  the 
outer  surface  of  the  mastoid  process  and  into  the  superior  curved  line  of  the  occipital 
bone  (Fig.  324,  p.  411). 

The  sterno-cleido-mastoid  muscle  stretches  obliquely  across  the  neck,  and 
separates  the  anterior  and  posterior  triangles  from  one  another.  Superficially  it 
is  covered  by  the  platysma  myoides  muscle,  the  external  jugular  vein,  and  some 
of  the  superficial  branches  of  the  cervical  plexus.  It  conceals  the  splenius  capitis, 
digastric,  levator  anguli  scapulae,  scaleni  and  infra-hyoid  muscles,  the  carotid 
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sheath,  the  cervical  plexus,  and  the  spinal  accessory  nerve.  The  last-named  nerve 
pierces  the  muscle. 

The  steriio-cleido-mastoid  muscle  is  properly  divisible  into  three  i^arts  :  (1)  sterno -mastoid, 
placed  superficially,  and  passing  obliquely  from  the  sternum  to  the  mastoid  process  ;  (2)  cleido- 
mastoid,  placed  more  deeply,  and  directed  vertically  upwards  from  the  clavicle  to  the  nmstoid 


Complexus  (insertion) 


Rectus  capitis  posticus  minor 
(insertion) 


Rectus  capitis  posticus  major 
(insertion) 


Trapezius  (origin) 


Sterno-cleido-mastoid 
(insertion) 

\  Splenius  capitis 
I 'y^(  insertion) 


Obliquus  superior  (insertion)' 


Rectus  capitis  lateralis  (insertion) 

Rectus  capitis  anticus  minor  (insertion 


Sui)orior  constrictor  of  pharynx  (insertion) 


Rectus  capitis  anticus  major  (msertion)- 

FiG.  324. — Muscle-Attachments  to  Occipital  Bone  (Inferior  Siu^face). 

process  ;  and  (3)  cleido-occipitalis,  passing  obliquely  upwards  and  backwards  behind  the  cleido- 
mastoid  to  the  suj^erior  curved  line  of  the  occipital  bone. 

The  sterno-mastoid  muscle  is  innervated  by  the  spinal  accessory  nerve,  joined  by  a  branch 
from  the  cervical  plexus  (C.  2). 

The  action  of  the  muscle  is  referred  to  below. 


The  Muscles  of  the  Hyoid  Bone. 

The  muscles  attached  to  the  hyoid  bone  are  in  three  series :  (1)  infra-hyoid 
muscles,  connecting  the  hyoid  bone  to  the  scapula,  thorax,  and  thyroid  cartilage ; 

(2)  supra-hyoid  muscles,  connecting  it  to  the  lower  jaw,  cranium,  and  tongue ;  and 

(3)  the  middle  constrictor  muscle  of  the  pharynx. 

The  infra-hyoid  muscles  comprise  the  omo-hyoid,  sterno-hyoid,  sterno-thyroid, 
and  thyro-hyoid  muscles. 

The  omo-hyoid  is  a  muscle  with  two  bellies,  anterior  and  posterior.  The 
posterior  belly  arises  from  the  superior  border  of  the  scapula  and  the  suprascapular 
ligament  (Fig.  250,  p.  325).  It  forms  a  narrow  muscular  band,  which  is  directed 
obliquely  forwards  and  upwards,  to  end  in  an  intermediate  tendon  beneath  the 
sterno-mastoid  muscle.  From  this  tendon  the  anterior  belly  proceeds  upwards  to 
be  inserted  into  the  oiiter^art  of  the  lower  border  of  the  body  of  the  hyoid  bone. 

The  posterior  belly^oTthe  muscle  separates  the  posterior  triangle  into  occipital 
and  subclavian  parts ;  the  anterior  belly  crosses  the  common  carotid  artery  at  the 
level  of  the  cricoid  cartilage,  and  in  the  anterior  triangle  forms  the  boundary 
between  the  muscular  and  carotid  triangles.  A  process  of  the  deep  cervical  fascia 
binds  down  the  tendon  and  the  posterior  belly  to  the  scapula  and  the  first  rib. 

The  sterno-hyoid  muscle  arises  from  the  posterior  surface  of  the  presternum, 
from  the  back  of  the  first  costal  cartilage,  and  from  the  clavicle  (Fig.  243,  p.  319). 
It  passes  vertically  upwards  in  the  neck,  internal  to  the  omo-hyoid  ^nd  inpfm 
the  sterno-thyroid  muscle,  to  be  inserted  into  the  inner  part  of  theTfiody  o 
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hyoid  bone.  Except  near  its  origin  the  muscle  lies  superficially  in  the  anterior 
triangle,  alongside  the  omo-hyoid  and  in  front  of  the  sterno-thyroid  and  thyro- 
hyoid muscles,  the  trachea  and  the  thyroid  body. 

The  sterno-thyroid  muscle  arises  beneath  the  sterno-hyoid  from  the  back  of 
the  presternum  and  first  costal  cartilage.  Broader  than  the  preceding  muscle,  it 
passes  upwards  and  slightly  outwards  in  the  neck  in  front  of  the  trachea  and 
thyroid  body,  and  beneath  the  omo-hyoid  and  sterno-hyoid  muscles,  to  be  inserted 


Hypoglossal  nerve   Vagus  nerve 

'     '     t      Superior  cervical  ganglion  of  the  sympathetic 


Recurrent  branch 
First  cervical  nerve 


■  r\- 


Second  cervical  nerve 
I  «-fflosso-p] 

mird  c 

Stylo-pharyngei 


Pharyngeal  branch  of-  vagus 

/  UrGASTRIC 

Descendens  hypo-glossi  ^  ||>. 

Middle  constrictor 
Descendens  cervicis 


Internal  lai-yngeal  nerv 
Ansa  hypoglossi 
Inferior  constrictor 


Hyo-olossus 
Genio-hyo-glossus 

-  j^Genio-hyoid 

-Mylo-hyoid  (cut) 
Digastric 

Thyro-hyoid 


Omo-hyoid 


Fig.  325. — The  Muscles  of  the  Hyoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Muscles 

OF  the  Tongue,  with  their  Nerves. 

into  the  oblique  line  of  the  thyroid  cartilage.  The  muscle  is  marked  by  an  obHque 
tendinous  intersection  in  the  middle  of  its  length. 

The  thyro-hyoid  muscle  continues  the  line  of  the  preceding  muscle  to  the 
hyoid  bone.  Short  and  quadrilateral,  it  arises  from  the  oblique  line  of  the  thyroid 
cartilage,  and  passing  over  the  thyro-hyojd^m^brane  beneath  the  omo-hyoid  and 
sterno-hyoid,  it  is  inserted  into  the*jJBody  and  great  cornu  of  the  hyoid  bone. 

Tlie  levator  glandulse  thyroidese  is  an  occasional  slip  stretching  between  the  hyoid  bone 
and  the  isthmus  or  pyramid  of  the  thyroid  body. 

The  supra-hyoid  muscles  comprise  the  digastric,  stylo-hyoid,  mylo-hyoid, 
genio-hyoid  muscles,  and  also  two  muscles,  the  genio-hyo-glossus  and  hyo-glossus, 
which  will  be  described  along  with  the  extrinsic  muscles  of  the  tongue. 
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The  digastric  muscle,  as  its  name  implies,  possesses  two  bellies — anterior  and 
posterior.  The  posterior  belly  arises  from  the  digastric  groove  beneath  the  mastoid 
process.  It  is  directed  forwards  and  downwards  to  end  in  an  intermediate  tendon, 
which  is  connected  by  a  pulley-like  band  of  cervical  fascia  to  the  body  of  the  hyoid 
bone.  The  anterior  belly  of  the  muscle  is  directed  forwards  and  upwards  to  the 
chin,  and  is  inserted  into  an  oval  impression  on  the  lower  border  of  the  mandible 
close  to  the  symphysis  (Fig.  327,  p.  414).  The  muscle  forms  the  boundary  of  the 
submaxillary  space.    The  posterior  belly  is  concealed  at  its  origin  by  the  mastoid 


Fig.  326. — The  Triangles  0¥  the  Neck  (Muscles). 

process  and  the  muscles  attached  to  it.  In  company  with  the  stylo-hyoid  muscle 
it  crosses  the  carotid  vessels  and  the  hypoglossal  nerve  in  the  anterior  triangle. 
The  anterior  belly  of  the  digastric  covers  the  mylo-hyoid  muscle. 

The  stylo-hyoid  muscle  arises  from  the  styloid  process  of  the  temporal  bone 
near  its  base,  and  is  inserted  into  the  body  of  the  hyoid  bone  by  two  slips  which 
enclose  the  tendon  of  the  digastric  muscle.  It  is  directed  downwards  and  forwards 
alongside  the  posterior  belly  of  the  digastric,  and  crosses  the  anterior  triangle  in 
front  of  the  carotid  vessels. 

The  mylo-hyoid  muscle  arises  from  the  lower  three-fourths  of  the  mylo-hyoid 
ridge  of  the  lower  jaw  (Fig.  327,  p.  414).  It  is  directed  downwards  and  inwards, 
to  be  inserted  into  (1)  the" upper  border  of  the  body  of  the  hyoid  bone,  and  more 
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anteriorly  (along  with  the  opposite  muscle)  into  (2)  a  median  raphe  extending  from 
the  hyoid  bone  nearly  to  the  chin.    The  muscle  forms  a  diaphragm  in  the  lloor  of 

the  mouth,  and  has  in 
contact  with  its  super- 
ficial or  external  surface 
the  digastric  muscle  and 
the  submaxillary  gland. 
Its  deep  or  internal 
surface  is  partially 
covered  by  the  mucous 
membrane  of  the  floor 
of  the  mouth,  and  is 
separated  from  the  hyo- 
glossus  and  genio-hyo- 
glossus  muscles  by  the 
deep  part  of  the  sub- 
maxillary gland,  the 
sublingual  gland,  Whar- 
ton's duct  and  the  lingual 
and  hypoglossal  nerves. 

The    genio  -  hyoid 
muscle  arises  from  the 


achments  on 
Lower  Jaw. 


HE  Inner  Side  of 


lower  of  the  two  genial 
tubercles  on  the  back 
It  is  directed  downwards 


of  the  symphysis  of  the  lower  jaw  (Fig.  327,  p.  414) 
and  backwards,  to  be  inserted  into  the  front  of  the  body  of  the  hyoid  bone.  The 
muscle  lies  along  the  lower  border  of  the  genio-hyoglossus,  and  is  concealed  by 
the  digastric  and  mylo-hyoid  muscles.     The  muscles  of  opposite  sides  are  often 


fused  together. 


The  Muscles  of  the  Tongue. 


-Q     The  muscular  substance  of  the  tongue  consists  of  two  symmetrical  series  of 
/  g^iK'^'^^^m^^scles  placed  on  either  side  of  a  membranous  raphe  in  the  middle  line.    It  is 
(fv^    composed  of  (1)  extrinsic  muscles  arising  from  the  soft  palate,  styloid  process,  hyoid 


Each 


bone  and  lower  jaw,  and  (2)  intrinsic  muscles  proper  to  the  tongue  itself, 
set  consists  of  four  series  of  muscles. 

The  extrinsic  muscles  are  four  in  number:  (1)  genio-hyo-glossus,  (2)  hyo- 
glossus,  (3)  stylo-glossus,  and  (4)  palato-glossus. 

The  genio-hyo-glossus  muscle  (Fig.  325)  is  an  extrinsic  muscle  of  the  tongue 
as  well  as  a  supra-hyoid  muscle.  It  is  a  fan-shaped  muscle  arising  by  its  apex 
from  the  upper  of  the  two  genial  tubercles  behind  the  symphysis  of  the  lower  jaw 
(Fig.  327,  p.  414).  From  this  origin  the  muscular  fibres  diverge ;  the  lowest  fibres 
,  are  directed  downwards  and  backwards,  to  be  inserted  into  the  body  of  the  hyoid 
^  bone;  the  highest  fibres  curve  forwards,  to  be  attached  to  the  tip  of  the  tongue; 
the  intermediate  fibres  are  attached  to  the  substance  of  the  tongue  in  its  whole 
length  between  the  base  and  tip.  The  muscles  of  opposite  sides  are  separated  by 
the  median  raphe  of  the  tongue.  On  the  outer  side  of  each  are  the  hyo-glossus  and 
mylo-hyoid  muscles.  Between  the  hyo-glossus  and  genio-hyo-glossus  are  placed  the 
stylo-hyoid  ligament,  the  lingual  artery,  and  the  glosso-pharyngeal  nerve. 

The  hyo-glossus  muscle  is  also  an  extrinsic  muscle  of  the  tongue  as  well  as  a 
supra-hyoid  iftuscle.  It  arises  from  the  hyoid  bone  (body  and  great  cornu),  and  is 
directed  upwards  and  forwards, to  be  inserted  into  the  si-de-pf  the  tQugue  jts  fibres  inter- 
lacing at  its  insertion  with  the  fibres  of  the  stylo-glossus.  The  muscle  is  quadrilateral, 
and  lies  between  the  genio-hyo-glossus  and  mylo-hyoid  muscles,  separated  from  the 
latter  by  the  mucous  membrane  of  the  floor  of  the  mouth,  the  sublingual  and  part 
of  the  submaxillary  glands,  the  lingual  and  hypoglossal  nerves,  and  Wharton's  duct. 

The  chondro-glossus  is  a  small  separated  slip  of  tlie  liyo-glossus,  not  always  present. 
qz^M^of^-"^^^  The  stylo-glossus  muscle  arises  beneath  the  parotid  gland  from  the  lower  end 
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of  tlie  styloid  process  and  from  the  stylo-mandibular  ligament.  It  sweeps  forwards 
and  inwards,  and  is  inserted  into  the  side  and  under  surface  of  the  tongue,  its 
fibres  spreading  out  to  decussate  with  those  of  the  palato-glossus  and  hyo-glossus 
muscles.  It  is  covered  by  the  internal  pterygoid  muscle  and  by  the  mucous 
membrane  of  the  tongue. 

The  palato-glossus  is  a  thin  sheet  of  muscular  fibres  arising  from  the  under 
surface  of  the  soft  palate,  where  it  is  continuous  with  fibres  of  the  opposite  muscle,  jj^^^^ 
It  passes  downwards  in_the  antfiriQr_pillai^  of  the  fauces,  and  spreads  out,  to  be  in-  - 
serted  into  the  sides  of  the  tongue,  blending  with  the  stylo-glossus  and  the  deep  (^I^^^^V^ 
transverse  fibres  of  the  tongue.    The  muscle  is  placed  directly  beneath  the  niucous^r^'^  (Pi) 
membrane  of  the  soft  palate  and_t_ongue.  ^ 
Intrinsic  Muscles  of  the  Tongue. — Besides  receiving  the  fibres  of  insertion 
of  the  extrinsic  muscles,  the  substance  of  the  tongue  is  composed  of  four  intrinsic 
jmuscles  on  either  side,  two  in  the  sagittal  plane,  the  superior  and  inferior  linguales ; 
two  in  the  coronal  plane,  the  transverse  and  vertical  fibres. 

The  superior  lingualis  muscle  extends  from  base  to  tip  of  the  tongue,  placed  on 
its  dorsum  immediately  under  the  mucous  membrane,  into  which  many  of  its  fibres 
lare  inserted. 

The  inferior  lingualis  is  a  cylindrical  band  of  muscular  fibres  occupying  the  under 
part  of  the  organ  on  each  side,  in  the  interval  between  the  genio-hyo-glossus  and 
tlie  hyo-glossus  muscles.    Posteriorly  some  of  its  fibres  extend  to  the  hyoid  bone. 

The  transverse  fibres  arise  from  the  median  raphe,  and  radiate  outwards  to  the 
dorsum  and  sides  of  the  tongue,  decussating  with  the  extrinsic  muscles  and  the 
fibres  of  the  vertical  muscle.  They  occupy  the  substance  of  the  tongue  between 
the  superior  and  inferior  linguales. 

The  so-called  vertical  fibres  arise  from  the  dorsal  surface  of  the  tongue,  and 
sweep  downwards  and  outwards  to  its  sides,  intermingled  with  the  fibres  of  the 
previous  muscle  and  the  insertions  of  the  extrinsic  muscles.  These  two  muscles 
[form  a  very  considerable  part  of  the  total  muscular  substance  of  the  organ. 


Nerve-Supply. 

The  muscles  of  the  hyoid  bone  and  of  the  tongue  are  for  the  most  part  supplied  by  the  ansa 
servicalis  (C.  1.  2.  3.)  and  by  the  hypoglossal  nerve.  A  few  of  the  muscles  are  supplied  by  the 
trigeminal,  facial,  and  spinal  accessory  nerves. 


Muscles. 

Nerves. 

Origin. 

Onio-hyoid  ..... 
Sterno-hyoid  .... 
Sterno-tliyroid  .... 
Thyro-hyoid  .... 
Genio-hyoid  .... 
Genio-hyo-glossus 
Hyo-glossus  .... 
Stylo-glossus  .... 
Intrinsic  muscles  of  tongue 
Palatojiglossus .  .... 

j-Ansa  cervicalis  . 

'Hypoglossal      .       .  i 
Pharyngeal  jglexus__5___. 

C.  1.  2.  3. 
|c.  1.  2. 

j"  Hypoglossal. 

Mylo-hyoid  .... 
Digastric  

Anterior  belly 

Posterior  belly 
Stylo -hyoid  .... 

(Mylo-hyoid  branch  of  in- 
j     ferior  dental  nerve 

1  Facial  .... 

t  Trigeminal. 
Facial. 

Actions. 


These  muscles  have  a  complexity  of  action,  owing  to  their  numerous  attachments  to  more 
)r  less  movable  points.  The  movements  for  which  they  are  responsible  in  whole  or  part  are  (1) 
novements  of  the  hyoid  bone  in  mastication  and  deglutition,  (2)  movements  of  the  thyroid 
artilage,  (3)  movements  of  the  tongue,  (4)  movements  of  the  head,  (5)  movements  of  the  shoulder, 
,nd  (6)  respiration. 

(1)  Movements  of  the  Hyoid  Bone. — The  hyoid  bone  is  elevated  or  depressed,  and  moved 
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forwards  or  backwards  along  with  the  lower  jaw  and  tongue,  in  speech,  mastication,  and 
swallowing. 


a.  Elevation    and  Depression. 

h.  Protraction    and  Retraction. 

Digastric 
Stylo-hyoid 
Mylo-hyoid 
Genio-hyoid 
Genio-hyo-glossiis 
Hyo-glossiis 
Muscles  closing  the 
mouth 

Thyro-hyoid 
Sterno-hyoid 
Omo-hyoid 
Sterno-thyroid 

Genio-hyoid 
Genio-hyo-glossus 

Stylo-hyoid 
Middle  constrictor 

(2)  Movements  of  the  Thyroid  Cartilage.— The  thyroid  cartilage  is  raised  and  lowered 
during  speech  and  deglutition. 


Elevation. 

Depression. 

Thyro-hyoid 
Stylo-pharyngeus 
Palato-pharyngeus 
Elevators  of  hyoid  bone 
Muscles  closing  mouth 

Sterno-thyroid 
Crico-thyroid 
Depressors  of  hyoid  bone 

(3)  Movements  of  the  Tongue.— The  chief  movements  of  the  tongue  in  speech  and  de- 
glutition are  elevation  and  depression,  protrusion  and  retraction,  and  lateral  movements. 


a.  Elevation     and  Depression. 

Stylo -glossus  (base) 
Palato-glossus 

Muscles  elevating  hyoid  bone 
Muscles  closing  mouth 

Genio-hyo-glossus 

Hyo-glossus 

Chondro-glossus 

Muscles  depressing  the  hyoid  bone 

6.  Protrusion     and  Retraction. 


Genio-hyo-glossus  {posterior  fibres)  |       Genio-hyo-glossus  {anterior  fibres) 

j       Stylo -glossus 


c.  Lateral  Movements. — The  muscles  of  one  side  only. 


(4)  Movements  of  the  Head. — The  sterno-mastoid  muscles,  acting  together,  flex  the  head  on 
the  spinal  column,  assisted  by  the  suj^ra-hyoid  and  infra-hyoid  muscles.  The  sterno-mastoid 
muscle  of  one  side,  acting  alone,  bends  the  head  to  the  same  side,  and  simultaneously  rotates  it 
to  the  opposite  side,  as  seen  in  torticollis  (wryneck). 

(5)  Movements  of  the  Shoulder  Girdle. — The  omo-hyoid  and  sterno-mastoid  muscles  have 
already  been  included  among  the  elevators  of  the  shoulder  girdle. 

(6)  Respiration. — The  muscles  in  the  front  of  the  neck  are  auxiliary  muscles  in  extraordinary 
or  difficult  inspiration.  The  masseter  and  temporal  muscles  fix  the  lower  jaw  ;  the  hyoid  bone 
is  raised  and  fixed  by  the  supra-hyoid  muscles  ;  and  the  sternum  is  raised  by  the  sterno-mastoid 
and  infra-hyoid  muscles. 

The  Muscles  of  the  Pharynx,        '^^  \ 

The  muscular  envelope  of  the  pharynx  is  composed  of  two  strata.  The  external 
or  circular  layer  consists  of  the  three  constrictor  muscles ;  the  internal  or  longi- 
tudinal layer  consists  of  the  fibres  of  the  stylo-pharyngeus  and  palato-pharyngeus 
muscles. 

The  superior  constrictor  muscle  is  triangular  or  fan -shaped.  It  arises 
successively  from  the  lower  half  of  the  posterior  border  of  the  internal  pterygoid 
plate,  from  the  pterygo-mandibular  ligament,  from  the  mylo-hyoid  ridge  of  the 


THE  MUSCLES  OF  THE  PHARYNX. 


417 


lower  jaw  (Fig.  327,  p.  414),  and  from  the  mucous  membrane  of  the  floor  of  the 
mouth  {glosso-pliaryngeus).  The  muscular  fibres  radiate  backwards,  and  are  inserted 
for  the  most  part  into  a  median  raphe  extending  down  the  back  wall  of  the  pharynx 
in  the  middle  line.  The  highest  fibres  are  attached  to  the  pharyngeal  spine  of  the 
occipital  bone  (Eig.  333,  p.  421),  and  the  lowest  fibres  are  overlapped  by  the 
middle  constrictor.    A  crescentic  in- 


terval occurs  above  the  muscle,  below 
the  base  of  the  skull,  in  which  the 
Eustachian  tube  and  the  levator  and  Eustachian  tube 
tensor  palati  muscles  appear.  Its 
lower  border  is  separated  from  the 
middle  constrictor  by  the^  stylo- 
phary^ngeus  muscle  and  the 


Fibrous  aponeurosis  of  the  pliarynx 


"glossb- 
"superTor 


Levator  palati 
MUSCLE  (cut) 

Tensor  palatt 
Superior 
constrictor 
Buccinator 


Pterygo-mandi- 
bular  ligament 

Stylo- 

pharyngeu^ 

Middle 
constrictor 


Inferior  constrictor 


Fig.  328. 


-Posterior  View  of  the  Pharykx  and 
Constrictor  Muscles. 


phar>:ngeaT  ngrve. 
constrictor  miiscfe~iseparates  the  in- 
ternal carotid  artery  from  the  cavity 
of  the  pharynx  and  tonsil. 

The  middle  constrictor  muscle 
arises  from  tlie  stylo-hyoid  ligament 
and  from  both  cornua  of  the  hyoid 
bone.  From  its  origin  the  muscular 
fibres  radiate  backwards,  to  be  in- 
serted into  the  median  raphe  on  the 
posterior  aspect  of  the  pharynx.  The 
upper  fibres  overlap  the  lower  part  of 
tlie  superior  constrictor;  the  lower 
fibres  are  concealed  from  view  by  the 
inferior  constrictor  muscle.  In  the 
interval  between  the  middle  and 
inferior  constrictors  are  found  the 
internal  laryngeal  artery  and  nerve. 

The  inferior  constrictor  muscle 
arises  from  the  oblique  line  of  the 
thyroid  cartilage,  and  from  the  side 
iof  the  cricoid  cartilage.  Its  fibres 
radiate  backwards,  to  be  inserted  into 
the  median  raphe  on  the  back  of  the 
jpharynx,  the  upper  fibres  overlapping  the  lower  part  of  the  middle  constrictor, 
the  lower  fibres  blending  with  the  muscular  fibres  of  the  oesophagus.  Balaw  the 
lower  border  of  the  muscle  the  inferior  laryngeal  artery  and  nerve  enter  into  relation 
wiiirThe  larynx.  ^  " 

The  deeper  longitudinal  stratum  of  muscles  in  the  pharyngeal  wall  is  com-       ^  . 
posed  of  the  insertions  of  the  stylo-pharyngeus  and  palato-pharyngeus  muscles.  I^^'l^^ 

The  stylo-pharyngeus  arises  from  the  rooi_of_i_he  styloid  process  on  its  inner  ^ 
side,  and  passes  downwards  between  the  external  and  internal  carotid  arteries.    It  / 
enters  the  wall  of  the  pharynx  in  the  interval  between  the  superior  and  middle  2'4> 
3onstrictor  muscles.    Spreading  out  beneath  the  middle  constrictor  muscle,  it  is 
inserted  into  the  si^)eripr,^mL  borders  of  the  thyroid  cartilage  and  into 

the  wall  of  the  pharynx  itself,  becoming  continuous  posteriorly  with  the  palato- 
pharyngeus.  In  the  neck  the  glosso-pharyngeal  nerve  winds  round  it  on  its  way 
to  the  toi^^e.      ^j^u^       I         'nA^  -^-K^  j-^ 

The  palato-pharyngeus  occupies  the  soft  palate  and  the  pharyngeal  wall.  In 
the  substance  of  the  soft  palate  it  consists  of  two  layers,  a  postero-superior  layer, 
Lhin,  and  continuous  across  the  middle  line  with  the  corresponding  layer  on  the 
pposite  side,  and  an  antero-inl'erior  layer,  which  is  thicker,  and_ig_attached  to  the 
|XJsteriori)order  of  thejiard  palate.  The  levator  palati  and  azygos  uvulse  muscles 
iiv,  enclosed  between  theTwo  layers,  which  unite  at  the  posterior  edge  of  the  palate, 
Lvceiving  at  the  same  time  additional  fibres  arising^  from  the  Eustachian  tube 
sfdpingo-pharyngeus).    The  muscle  descends  to  the  pharynx  in  the  posterior  pillar 
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of  the  fauces.  Its  fibres  spread  out  in  the  form  of  a  thin  sheet  in  the  wall  of 
the  pharynx,  in  continuity  anteriorly  with  the  stylo-pharyngeus,  and  are  inserted 
into  the  posterior  border  of  the  thyroid  cartilage,  and  behind  that  into  the 
aponeurosis  of  the  pharynx,  reaching  down  as  far  as  the  lower  border  of  the  inferior 
constrictor^  The  muscle  is  placed  beneath  the  middle  and  inferior  constrictors  in 
the  pharyngeal  wall,  and  the  fibres  of  the  muscles  of  opposite  sides  decussate  in  the 
middle  line  beneath  the  median  raphe. 


The  Muscles  of  the  Soft  Palate. 


Buccinator  - 


The  soft  palate  and  uvula  form  a  muscular  fold,  covered  on  each  surface  by 
mucous  membrane,  projecting  backwards  into  the  pharynx,  and  forming  the  posterior 

part  of  the  roof  of 
the  mouth. 

The  muscular 
fold  is  composed  of 
five  pairs  of  mus- 
cles— the  palato- 
pharyngeus  (and 
salpingo  -  pharyn  - 
geus),  azygos 
uvulse,  levator 
palati,  tensor 
palati,  and  palato- 
glossus. 

The  palato- 
pharyngeus  mus- 
cle has  been  already 
described  (p.  417) 
among  the  muscles 
of  the  pharynx. 

The  azygos 
uvulae  consists  of 
two  narrow  bundles 
enclosed,  along 
with  the  insertion 
of  the  levator 
palati,  between  the 
layers  of  the  palato- 
pharyngeus.  The 
slips  arise  from  the 
posterior  nasal 
spine  and  the  apo- 
neurosis of  the  soft 
palate,  and  unite 
as  they  proceed 
backwards  to  end 
in  the  uvula. 

The  levator 
palati  has  a  double 
origin :  (1)  from 
the  under  surface 

of  the  apex  of  the  petrous  portion  of  the  temporal  bone,  and  (2)  from  the 
lower  part  of  the  cartilaginous  Eustachian  tube.  It  passes  obliquely  down- 
wards and  inwards,  across  the  upper  border  of  the  superior  constrictor  muscle, 
and  enters  the  soft  palate  between  the  two  layers  of  the  palato-pharyngeus  muscle. 
It  is  inserted  into  the  aponeurosis  of  the  soft  palate,  and  some  of  its  fibres  become 
continuous  with  those  of  the  opposite  muscle.    It  is  separated  from  the  tensor 


Mylo-hyoid 
Hyo-glossus 
Digastric 

Stylo-hyoid 

Omo-hyoid 
Sterno-hyoid 

Thyro-hyoid 


Crico-thyroii 


Tensor  palati  muscle 
Eustachian  tube 
Levator  palati 
Pterygo-inandibular 
ligament 

Superior  constrictor 

Stylo-pharyngeus 
Stylo-glossus 
Glosso-pharyngeal 
nerve 

Stylo-hyoid  ligament 
Hypoglossal  nerve 
Middle  constrictor 

Digastric 
Superior  laryngeal 
nerve 

Inferior  constrictor 


External  laryngeal 
nerve 


Oesophagus 
Inferior  laryngeal 


Fig.  329. — Lateral  View  of  the  Wall  of  the  Pharynx. 
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palati  muscle  by  the  Eustachian  tube  and  the  deeper  layer  of  the  palato-pharyngeus 
muscle. 

The  tensor  (circumflexus)  palati  arises  (1)  from  the  scaphoid  fossa  and  the  alar 
spine  of  the  sphenoid  bone,  and  (2 ;  from  the  outer  side  of  the  cartilaginous  Eustachian 
tube.  It  descends  between  the  internal  pterygoid  muscle  and  the  internal  ptery- 
goid plate,  and  ends  in  a  tendon  which  hooks  round  the  hamular  process,  and  is 
inserted  beneath  the  levator  palati  into  the  posterior  border  of  the  hard  palate,  and 
into  the  aponeurosis  of  the  soft  palate. 

The  palato-glossus  muscle,  occupying  the  under  surface  of  the  soft  palate  and 
the  anterior  pillar  of  the  fauces,  has  already  been  described  with  the  muscles  of  the 
tongue  (p.  415). 

Nerve-Supply. 

The  chief  nerve  supplying  the  muscles  of  the  pharynx  and  soft  palate  is  the  spinal  accessory- 
nerve,  aided  by  the  fifth  (otic  ganglion)  and  the  ninth  (glosso-pharyngeal)  nerves  and  the  laryngeal 
branches  of  the  vagus  nerve. 


Muscles. 

Nerves, 

i 

Origin. 

Constrictors  of  pharynx 
Palato-glossus 
Palato-pharyngeus 
Levator  palati 
Azygos  uvulfe 
Tensor  palati  . 
Stylo-pharvngeus  . 

i5  1 

Pharyngeal  plexus <  ^  ^  . 

Otic  ganglion  . 
Ql  ogso-ph  arvn  geal 

XL 
V. 

IX. -4* 

Inferior  constrictor 

/External  laryngeal) 
L  Inferior  laryngeal  / 

X.  ; 

! 

Actions. 


The  muscles  of  the  jDliarynx  and  soft  palate  are  chiefly  brought  into  action  in  the  act  of 
swallovsring.  This  act  is  divided  into  a  voluntary  stage,  in  which  the  bolus  lies  m  front  of  the 
pillars  of  the  fauces,  and  an  involuntary  stage,  during  which  the  food  passes  from  the  mouth 
through  the  pharynx.  The  movements  occurring  during  the  passage  of  food  through  the  mouth 
are  as  follows  :  the  cheeks  are  compressed  by  the  action  of  the  buccinator  muscles  ;  the  tongue, 
hyoid  bone,  and  thyroid  cartilage  are  successively  raised  upwards  by  the  action  of  the  muscles 
which  close  the  mouth  and  elevate  the  hyoid  bone.  By  these  means  the  food  is  pushed  back- 
wards between  the  pillars  of  the  fauces. 

At  the  same  time,  by  the  contraction  of  the  palato-glossus  and  palato-pharyngeus,  the  pillars  of 
the  fauces  are  narrowed,  while  the  muscles  of  the  soft  palate,  contracting,  tighten  the  soft  palate, 
and  by  bringing  it  in  contact  with  the  posterior  wall  of  the  pharynx,  shut  off  the  upper  (nasal) 
portion  of  the  cavity.  The  elevation  of  the  tongue,  hyoid  bone,  and  larynx  simultaneously  causes 
the  elevation  of  the  epiglottis  and  the  aperture  of  the  glottis,  which  is  closed  by  the  approximation 
of  the  arytenoid  cartilages  and  the  combined  action  of  laryngeal  muscles  (arytenoideus,  thyro- 
arytenoideus,  and  thyro-aryteno-epiglottideus).  The  food  thus  slips  over  the  jDosterior  surface  of 
the  epiglottis  and  the  closed  aperture  of  the  glottis,  and  between  the  pillars  of  the  fauces  on 
either  side,  into  the  pharynx.  It  is  now  clasped  by  the  constrictor  muscles,  which,  by  their 
contractions,  force  it  down  into  the  oesophagus.  The  contraction  of  the  constrictor  muscles  results 
in  a  flattening  of  the  pharynx  and  elevation  of  its  anterior  attachments. 

During  the  act  of  swallowing,  it  is  generally  thought  that  the  Eustachian  tube  is  opened  by 
the  contraction  of  the  tensor  palati  muscle  which  arises  from  it.  It  has  been  held,  on  the  other 
hand,  that  the  Eustachian  tube  is  closed  during  swallowing  by  the  compression  of  its  wall  by  the 
■contraction  of  the  levator  j^alati. 

Deep  Lateral  and  Ph^evertebral  Muscles  of  the  Neck. 

Three  series  of  muscles  are  comprised  in  this  group  :  (1)  vertebro-costal  (scaleni, 
anticus,  medius,  and  posticus),  (2)  vertebro-cranial  (recti  capitis  antici,  major  and 
minor,  and  lateralis),  and  (3)  vertebral  (longus  colli). 

The  scalenus  anticus  arises  from  the  anterior  tubercles  of  the  transverse 
processes  of  the  third,  fourth,  fifth,  and  sixth  cervical  vertebras,  and  descends 
behind  the  carotid  sheath,  to  be  inserted  into  the  scalene  tubercle  and  ridge  on  the 
first  rib  (Fig.  330,  p.  420).  In  front  of  the  muscle  are  the  subclavian  and 
internal  jugular  veins,  and  the  nerves  descending  through  the  neck.    Behind,  it  is 
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Serratus  posticus 
superior  (insertion) 


Scalenus  posticus 
(insertion) 


Serratus  niagnus 
(origin) 


Pectoralis  minor  (occasional  origin) 


Fig.  830. — Muscle- Attachments  to  the  Upper  Surface  of  the 
First  Eib,  and  the  Outer  Surface  of  the  Second  Rib. 

B,  Second  rib. 


A,  First  rib  : 

and  sixth  cervical  trans- 
verse processes,  and  is 
inserted  into  a  linear 
impression  on  the  outer 
side  of  the  second  rib. 
It  is  concealed  behind 
by  the  levator  angiili 
scapulae,  and  is  in  con- 
tact anteriorly  with  the 
scalenus  medius. 

The  rectus  capitis 
anticus  major  arises 
from  the  anterior 
tubercles  of  the  trans- 
verse processes  of  the 
third,  fourth,  fifth,  and 
sixth  cervical  vertebrae. 
It  forms  a  flat  triangular 
muscle,  which  is  directed 
upwards,  to  be  inserted 
into  an  impression  on 
the  under  surface  of  the 
basilar  process  of  the 
occipital  bone  in  front 
and  to  the  outer  side  of 
the  pharyngeal  spine 
(Fig.  333,  p.  421).  It 
lies  on  the  cervical 
vertebrae  behind  the 
carotid  vessels  and  the 


separated  from  the  scalenus 
medius  by  the  cords  of  the 
brachial  plexus,  the  subclavian 
artery,  and  the  pleura. 

The  scalenus  medius 
arises  from  the  posterior 
tubercles  of  the  transverse 

Scalenus  medius  (insertion)   proCCSSCS      of      tllC  CCrvical 

vertebrae,  from  the  second  to 
the  sixth  inclusive.  It  de- 
scends in  the  floor  of  the  pos- 
terior triangle,  to  be  inserted 
into  the  rough  impression  on 
the  first  rib  behind  the  sub- 
clavian artery  (Fig.  330,  p. 
420).  The  muscle  is  covered 
anteriorly  by  the  cords  of  the 
brachial  plexus,  the  sub- 
clavian artery,  and  the  omo- 
hyoid muscle,  and  is  in  con- 
tact behind  with  the  levator 
anguli  scapulae  and  the 
scalenus  posticus.  It  is 
pierced,  by  the  posterior 
scapular  and  posterior 
thoracic  nerves. 

The  scalenus  posticus 
arises  from  the  posterior 
tubercles  of  the  fourth,  fifth, 


Rectus  capitis 
anticus  minor 


Rectus  capitis, 
lateralis 

Rectus  capitis 
anticus  minor 

Rectus  capitis 
anticus  major 


Scalen 


LONGUS  COLLI 


Fig.  331. — The  Pr^evertebral  Muscles  of  the  Neck, 
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pharynx,  external  to  the  longus  colH,  and  internal  at  its  origin  to  the  scalenus 
anticus. 

The  rectus  capitis  anticus  minor  arises  from  the  anterior  arch  of  the  atlas,  and 


Posterior 
tubercles  of 
transverse' 


Articular  processes-J 


^  SCALE^rUS  MEDIUS 

Levator  anguli  scapula 
Splenius  colli 


Scalenus  posticus 
Cervicalis  ascendens 


Transversalis  cervicis   — 


f  Trachelo-mastoid 

COMPLEXUS 


Semispinalis  colli  - 

\   MuLTIFIDUS  SPIN^  - 


bCALENUS 

anticus 


Rectus  capitis 
anticus  major 


Longus  colli 


Anterior 
tubercles  of 
^transverse 
processes 


Fig.  332. — Scheme  of  Muscular- Attachments  to  Cervical  Vertebra. 

is  inserted  into  the  basilar  process  between  the  previous  muscle  and  the  occipital 
condyle  (Fig.  333,  p.  421).    It  is  concealed  by  the  rectus  capitis  anticus  major. 
The  longus  colli  is  a  flattened  muscular  band  extending  from  the  third  thoracic 


Complexus  (insertion) 


Rectus  capitis  posticus  minor 
(insertion) 
\ 

Rectus  capitis  ])osticus  major 
(insertion) 


riapezius  (origin) 


Obliquus  superior  (insertion)  Xv^ 


Rectus  capitis  lateralis  (insei  tion) 

Rectus  capitis  anticus  minor  (insertion) 


Sterno-cleido-mastoid 
(insertion) 


Splenius  capitis 
(insertion) 


Superior  constrictor  of  pharynx  (insertion) 


Rectus  capitis  anticus  major  (insertion)- 

FiG.  333. — Muscle-Attachments  to  Occipital  Bone  (Inferior  Surface). 


vertebra  to  the  atlas.  It  is  divisible  into  three  portions — a  vertical,  a  lower 
oblique,  and  an  upper  oblique  portion. 

The  vertical  portion  of  the  muscle  arises  from  the  bodies  of  the  first  three 
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thoracic  and  the  last  three  cervical  vertebrge ;  and  passing  vertically  upwards,  it  is 
inserted  into  the  bodies  of  the  second,  third,  and  fourth  cervical  vertebrae. 

The  lower  oblique  portion  arises  from  the  bodies  of  the  first  three  thoracic 
vertebrse,  and  is  inserted  into  the  anterior  tubercles  of  the  fifth  and  sixth  cervical 
vertebrse. 

The  upper  oblique  portion  arises  from  the  anterior  tubercles  of  the  transverse 
processes  of  the  third,  fourth,  and  fifth  cervical  vertebrae,  and  is  directed  upwards, 
to  be  inserted  into  the  anterior  tubercle  of  the  atlas. 

The  longus  colli  muscle  clothes  the  front  of  the  vertebral  column  in  the  neck, 
and  is  separated  by  the  deep  cervical  fascia  from  the  carotid  vessels,  pharynx,  and 
oesophagus. 

The  rectus  capitis  lateralis,  in  series  with  the  posterior  inter -transverse 
muscles  in  the  neck,  arises  from  the  transverse  process  of  the  atlas,  and  is  inserted 
into  the  under  surface  of  the  ex-occipital  bone.  It  is  placed  alongside  the  recti 
capitis  antici,  separated  from  them  by  the  anterior  primary  division  of  the  first 
cervical  nerve. 

Nerve-Supply. 

The  prsevertebral  muscles  are  all  supplied  by  anterior  primary  divisions  of  the  cervical  spinal 
nerves  :  the  rectus  caj^itis  anticus  minor,  and  rectus  capitis  lateralis,  by  the  loop  between  the  first 
two  nerves  ;  the  rectus  capitis  anticus  major  by  the  first  four  ;  the  longus  colli  by  the  second, 
third,  and  fourth  ;  the  scaleni  by  the  lower  four  or  five  cervical  nerves. 

Actions. 

The  movements  produced  by  these  muscles  are  considered  along  with  those  of  other  muscles 
acting  on  the  head,  spinal  column,  and  thorax  (pp.  398,  426). 

THE  MUSCLES  OF  THE  THORAX. 

Muscles  of  Respiration. 

The  muscles  which  complete  the  boundaries  of  the  thorax  are  the  diaphragm 
and  intercostal  muscles  (external  and  internal),  along  with  three  series  of  smaller 
muscles — the  triangularis  sterni,  the  levatores  costarum,  and  the  infra-costales. 

The  intercostal  muscles  are  arranged  in  eleven_pairs,  forming  thin  layers 
filling  up  the  intercostal  spaces. 

Each  external  muscle  arises  from  the  sharp  lower  border  of  a  rib,  and 
is  directed  downward  and  forward,  to  be  inserted  into  the  outer  edge  of  the 
upper  border  of  the  rib  below.  It  extends  from  the  tubercle  of  tliQ  ^ib^  behind 
nearly  to  the  costal  cartilage  in  front.  The  anterior  intercostal  aponeurosis  is 
continuous  with  it  anteriorly,  and  extends  forwards  to  the  side  of  the  sternum. 

Each  internal  muscle  arises  from  the  costal  cartilage  and  the  inner  edge  of  the 
subcostal  g^roove,_an.d  is  directed  downwards  and  backwards,  to  be  inserted  into  the 
^mSeFedge  of  the  upper  border  of  the  rib  and  costal  cartilage  below.  It  extends 
from  the  side  of  the  sternum  in  front  to  the_^gle^of  the  rib  behind,  where  it 
becomes  continuous  with  the  posterior  intercodat^poneurosis  extending  to  the 
tubercle  of  the  rib. 

The  external  intercostal  muscles  are  covered  by  the  pectoral  muscles,  serratus 
magnus,  and  the  muscles  of  the  back ;  the  internal  muscles  are  in  contact  with 
the  pleura.  The  intercostal  vessels  and  nerve  lie  between  the  two  muscles  in  the 
posterior  part  of  the  thorax. 

The  levatores  costarum  are  in  series  with  the  external  intercostal  muscles. 
They  are  twelve  small  slips  arising  from  the  transverse  processes  of  the  seventh 
cervical  and  upper  eleven  thoracic  vertebrae.  They  spread  out  in  a  fan -like  manner 
as  they  descend,  to  be  inserted  into  the  outer  surface  of  the  ribs  posterior  to  the 
angles.    They  lie  under  cover  of  the  longissimus  dorsi  muscle. 

The  infra-costales  (subcostales)  are  slips  of  muscles  found  on  the  inner  surface 
of  the  lower  ribs  near  their  angles.  They  are  in  series  with  the  internal  inter- 
costal muscles,  but  pass  over  the  deep  surface  of  several  ribs. 

The  triangularis  sterni  (m.  transversus  thoracis)  occupies  the  posterior  aspect 
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of  the  anterior  thoracic  wall.  It  arises  from  the  back  of  the  ensiform  cartilage 
and  mesosternum  as  high  as  the  level  of  yj^_l^hird__costal^ cartilage.  From  this 
origin  its  fibres  radiate  outwards,  the  lower  ones  horizontaTIyTthe  upper  ones 
obliquely  upwards,  to  be  inserted  into  the  costal  cartilages  of  all  the  true  ribs 
except  the  first  and  seventh.  The  muscle  lies  against  the  pericardium  and  pleura. 
It  is  separated  from  the  chest  wall  by  the  internal  mammary  vessels  and  the 
anterior  branches  of  the  intercostal  nerves.  The  muscle  is  continuous  below  with 
the  transversalis  abdominis. 

The  diaphragm  is  the  great  membranous  and  muscular  partition  separating 
the  cavities  of  the  thorax  and  abdomen.    It  forms  a  thin  lamella  arching  over 


Fig.  334. — The  Muscles  of  the  Thoracic  Wall. 


the  liver,  stomach,  and  spleen,  with  its  convex  upper  surface  in  contact  with  the 
pericardium,  pleurge,  and  chest  wall  It  possesses  a  peripheral  origin  from  the 
sternum,  ribs,  and  vertebral  column,  and  an  insertion  into  a  central  tendon.  It 
arises  (1)  anteriorly  from  the  posterior  surface  of  the  ensiform  cartilage  by  two 
slender  fleghy^lips,  directed  backwards ;  (2)  laterally,  from  the  deep  surface  of  the 
lower  six  -^-cartilages  on  each  side  by  fleshy  bands  which  interdigitate  with  those  6 
of  the  transversalis  abdominis ;  (3)  posteriorly,  from  the  lumbar  vertebrae,  by  the 
crura,  and  from  the  arcuate  ligaments.  The  crura  are  two  elongated  fibro-muscular 
bundles  which  arise  from  the  front  of  the  bodies  of  the  lumbar  vertebrae,  on  the 
right  side  from  the  first  three,  on  the  left^sicie  froin  the  first  two  vertebrae.  They 
arecffrected  upwards'aindV'passing  in  front  of  the  aorta,  decussate  across  the  middle 
line  in  front  of  that  vessel,  the  fibres  of  the  right  crus  passing  in  front  of  those  of 
the  left  crus.  The  fibres  then  encircle  the  oesophagus,  forming  an  elliptical  opening 
30  Z> 
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for  its  passage,  and  finally  join  the  central  tendon,  after  a  second  decussation  in 
front  of  the  gullet. 

The  arcuate  ligaments  are  five  in  number. 

The  middle  arcuate  ligament  is  a  fibrous  arch  connecting  together  the  crura  of 
the  diaphragm  in  front  of  the  aorta,  and  giving  origin  to  fibres  which  join  the  crura 
as  they  decussate  to  encircle  the  gullet. 

The  internal  arcuate  ligament  is  a  thickening  formed  by  the  attachment  of  the 
psoas  fascia  to  the  body  of  the  first  lumbar  vertebra  internally  and  i|s  transvei;ge 
process  externally.    Stretching  across  the  upper  end  of  the  x^soas  mtrscle/the 
llligament  gives  origin  to  muscular  fibres  directed  upwards  on  each  side  of  the 
jlprura. 

The  external  arcuate  ligament  is  the  thickened  upper  end  of  the  fascia  over  the 
quadratus  lumborum  (anterior  layer  of  the  lumbar  fascia),  and  is  attached  inter- 
nally to  the  transverse  process  of  the  first  lumbar  A^ertebra,  and  externally  to  the 


Foramen  quadratum 
(for  inferior  cava) 


(Esophagus  and  its 
opening 


Middle  arcuate  liga- 
ment (in  front  oi' 
aortic  opening) 


Quadratus  lumhorum 

MUSCLE 


Right  crus  ot  diaphragm 

Fig.  335. — The  Diaphragm  (from  below). 


PS0\S  ArUSCLE 

Ijelt  crus  of  diaphragm 


last  rib.  It  gives  origin  to  another  broad  band  of  muscular  fibres,  separated  from 
I  those  arising  from  the  internal  arcuate  ligament  by  an  interval,  and  passing 
I  upwards  to  the  central  tendon  of  the  diaphragm. 

From  this  extensive  origin  the  muscular  fibres  of  the  diaphragm  converge  to 
an  insertion  into  a  large  trilobed  central  tendon.  Of  its  lobes  the  right  one  is  the 
largest,  the  middle  or  anterior  is  intermediate  in  size,  and  the  left  is  the  smallest. 
It  does  not  occupy  the  centre  of  the  muscle,  being  placed  nearer  the  front  than 
the  back.  The  fibres  of  the  crura  are  consequently  the  longest ;  those  from  the 
sternum  are  the  shortest. 

The  diaphragm  is  pierced  by  numerous  structures.  The  superior  epigastric 
artery  enters  the  sheath  of  the  rectus  abdominis  between  its  sternal  and  costal 
origins ;  the  musculo-phrenic  artery  passes  between  its  attachments  to  the  seventh 
and  eighth  ribs.  The  sympathetic  cord  and  the  splanchnic  nerves  pierce  or  pass 
behind  the  diaphragm  ;  the  last  thoracic  nerve  passes  beneath  the  external  arcuate 
ligament ;  and  the  aorta,  the  vena  azygos  major,  and  thoracic  duct  pass  between 
the  crura,  underneath  the  middle  arcuate  ligament  (aortic  opening).  The  special 
foramina  are  two  in  number.  The  foramen  quadratum  in  the  right  lobe  of  the 
central  tendon  transmits  the  inferior  vena  cava,  and  small  branches  of  the  right 
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phrenic  nerve.  The  cesophageal  operiing  is  in  the  muscular  substance  of  the 
diaphragm,  behind  the  central  tendon,  and  is  surrounded  by  a  sphincter-like 
arrangement  of  the  crural  fibres.  Besides  the  oesophagus,  this  opening  transmits 
the  two  pneumogastric  nerves.  The  upper  convex  surface  of  the  diaphragm  forms 
the  sloping  floor  of  the  thorax,  and  is  in  contact  with  the  pleurae  and  the  peri- 
cardium (which  is  firmly  bound  down  to  the  central  tendon,  and  less  firmly  to  the 
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Fig.  336.— View  of  thk  Posterior  Abdominal  Wall,  to  show  the  Muscles  and  the  Nerves  of 

THE  Lumbo-Sacral  Plbxus. 

muscular  fibres  on  the  left  side).  By  its  lateral  margins  the  diaphragm  is  in 
contact  on  each  side  with  the  thoracic  wall  beyond  the  reflection  of  the  pleura, 
and  behind  with  the  oesophagus  and  descending  thoracic  aorta.  The  under  surface 
of  the  diaphragm  is  concave,  and  is  for  the  most  part  invested  by  peritoneum.  It 
IS  m  relation  with  the  liver,  stomach,  spleen,  kidneys,  suprarenal  bodies,  duodenum 
and  pancreas,  the  inferior  vena  cava,  and  the  branches  of  the  cceliac  axis.  Its 
vault  IS  higher  on  the  right  side  than  on  the  left,  owing  to  the  upward  projection 
of  the  liver  on  that  side. 
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The  diaphragm  is  found  as  a  coiiiiDlete  septum  between  the  thorax  and  abdomen  9nl;iL_Lii 
mammals.  It  is  occasionally  deficient  in  the  human  subject,  producing  hernia  of  the  dia/phragm,, 
eitlieFTiito  the  pericardial  cavity  through  the  central  tendon,  or  into  the  thoracic  cavity  through 
the  lateral  portions  of  the  muscle.  A  rare  condition  is  congenital  deficiency  of  a  23art  of  the 
lateral  half  of  the  muscle,  generally  j^laced  posteriorly,  and  on  the  left  side.  This  produces,  by 
continuity  of  the  peritoneum  and  j)leura  behind  the  diaphragm,  a  congenital  diaphragmatic 
hernia. 

Nerve-Supply. 

The  intercostal  muscles,  levatores  costarum,  infra-costal  muscles,  and  triangularis  sterni,  are 
all  supjjlied  by  the  anterior  primary  divisions  of  the  intercostal  nerves.  The  diaphragm  receives 
its  chief,  if  not  its  entire,  motor  sujDply  from  the  phrenic  nerves  (C.  3.  4.  5.)  It  is  innervated 
also  by  the  diajDhragmatic  plexus  of  the  symjDathetic,  and  is  said  to  receive  fibres  from  the  lower 
intercostal  nerves. 

Actions. 

The  act  of  respiration  consists  of  two  oj^posite  movements,  inspiration  and  expiration. 

1.  The  movement  of  expiration  is  performed  by  (1)  the  elasticity  of  the  lungs,  (2)  the  weiglit 
of  the  chest  w^alls,  (3)  the  elevation  of  the  diaijhragm,  (4)  the  action  of  muscles — triangularis 
sterni  and  muscles  of  the  abdominal  wall.  It  is  sometimes  stated  that  the  interosseous  fibres  of 
the  internal  intercostal  muscles  are  depressors  of  the  ribs. 

2.  The  movement  of  inspiration  results  in  the  enlargement  of  the  thoracic  cavity  in  all 
its  diameters.  Its  antero-posterior  and  transverse  diameters  are  increased  hj  the  elevation  and 
forward  movement  of  the  sternum,  and  by  the  elevation  and  e version  of  the  ribs,  while  its 
vertical  diameter  is  increased  by  the  descent  of  the  diaphragm. 

The  muscles  of  inspiration  are  divided  into  two  series — ordinary  and  accessory. 


a.  Ordinary  Muscles. 


Diaphragm 
Intercostals 
Scaleni 
Serrati  postici 
Levatores  costarum 


b.  Extraordinary  and  Accessory  Muscles 


Quadratus  lumborum 
Pectorales 
Serratus  magnus 
Sterno-uiastoid 
Latissimus  dorsi 
Infra-hyoid  muscles 
Extensors  of  the  sj^ine 


Of  the  ordinary  muscles  the  diajjhragm  is  the  most  important.  Its  action  is  twofold — 
centrifugal,  elevating  tlie  riljs  and  increasing  the  transverse  and  antero-joosterior  diameters  of 
the  thorax,  and  centripetal,  drawing  downwards  the  central  tendon  and  increasing  the  vertical 
diameter  of  the  thorax.  Of  the  two  movements  the  former  is  the  more  important.  There  has 
been  considerable  diversity  of  opinion  regarding  the  action  of  the  intercostal  muscles.  It  is 
generally  agreed  that  the  external  muscles  elevate  the  ribs ;  it  is  probable  that  the  whole  of  each 
internal  muscle  acts  in  the  same  way,  although  it  has  been  stated  by  difterent  observers  that  the 
whole  internal  muscle  is  a  depressor;  or  that  the  interosseous  part  is  a  depressor,  the  inter- 
chondral  portion  of  the  muscle  an  elevator  of  the  ribs. 


FASCIA  AND  MUSCLES  OF  THE  ABDOMINAL  WALL. 

The  space  between  the  margins  of  the  bony  thorax  and  the  pelvis  is  filled  up  by 
a  series  of  muscular  sheets,  covered  externally  and  internally  by  fascia3. 


FASCLE. 

The  fasciae  of  the  abdominal  wall  Rie~-exter7idlly ,  the  superficial  and  deep  fasciae  ; 
internally,  the  fascia  transversalis,  which  is  continuous  with  the  diaphragmatic, 
lumbar,  psoas,  iliac,  and  pelvic  fasciae,  and  is  lined  within  by  the  extra-peritoneal 
tissue. 

The  superficial  fascia  of  the  abdomen  is  liable  to  contain  a  large  quantity 
of  fat.  It  is  separated  in  the  groin  into  hvo  layers :  a  superficial  fatty  layer  con- 
tinuous over  Poupart's  ligament  with  the  fascia  of  the  front  of  the  thigh  (p.  356), 
and  a  deeper  membranous  layer  attached  to  the  inner  half  of  Poupart's  ligament, 
and  more  externally  to  the  fascia  lata  of  the  thigh  below  Poupart's  ligament.  The 
tw^o  layers  are  separated  by  the  lymphatic  glands  and  the  superficial  vessels  of  the 
groin.    Higher  up  in  the  abdominal  wall  the  two  layers  blend  together,  and  passing 
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Superficial  layer  o1 
superficial  fa^oui 


Superficial  circumflex  iliac  vessels 
Inguinal  lymphatic  gland'- 

Deep  layer  of  superficial  fascia 
Femoral  lymphatic  gland- 


Crural  branch  of 
genito-crural  nerve 
Superficial  layer  ol 

superficial  fascia 

Internal  saphenous  vein 


Deep  layer  <  if 
superficial  fascia 
Superficial 
epigastric  vessels 
Superficial  layer  of 
superficial  fascia 
Superioi  external 
pudic  vessels 

llio-inguinal  nerve 
Spermatic  cord 


downwards  over  the  spermatic  cord,  they  unite  to  form  the  fascia  and  dartos 
muscle  of  the  scrotum.  The  attachment  of  the  fascia  to  the  groin  prevents  the 
passage  into  the  thigh  of  fluid  extravasated  in  the  abdominal  wall. 

The  deep  fascia  of  the  abdominal  wall  resembles  similar  fasciae  in  other  situa- 
tions. It  forms  an  investment  for  the  obliquus  externus  muscle,  and  becomes  thin 
and  almost  im- 
perceptible in  re- 
lation to  the 
aponeurosis  of 
that  muscle. 

The  fascial 
lining  of  the  ab- 
dominal cavity 
(fascia  transver- 
salis)  consists  of  a 
continuous  layer 
of  membrane 
which  receives 
different  names  in 
different  parts  of 
its  extent.  It 
covers  the  deep 
surface  of  the 
trans  versalis  mus- 
cle, and  is  con- 
tinuous internally 
(through  the  lum- 
bar fascia)  with 
the  fascise  of  the 
quadrat  us  lum- 

borum  and  the  psoas  muscles.  It  is  continuous  above  with  the  diaphragmatic 
fascia,  and  below  (the  iliac  crest  and  Poupart's  ligament  intervening)  with  the 
fascia  iliaca.  Along  with  the  last-named  fascia  it  forms  the  femoral  sheath.  It  is 
pierced  by  the  spermatic  cord  or  round  ligament  of  the  uterus  at  the  internal 
abdominal  ring,  and  its  prolongation  into  the  inguinal  canal  around  the  cord  forms 
the  infundibuliform  fascia.  It  is  lined  internally  by  the  peritoneum,  from  which  it 
is  separated  by  a  layer  of  extra-peritoneal  tissue. 

The  extra-peritoneal  tissue  is  usually  loaded  with  fat ;  it  envelops  the  kidneys, 
ureters,  suprarenal  capsules,  abdominal  aorta  and  inferior  vena  cava  and  their 
branches,  and  forms  sheaths  for  the  vessels  and  ducts  (ureter,  vas  deferens, 
etc.)  It  is  continued  upwards  into  the  posterior  mediastinum  of  the  thorax 
through  the  aortic  opening  in  the  diaphragm,  and  below  is  in  continuity  with  the 
extra-peritoneal  tissue  in  the  pelvis.  It  not  only  completely  invests  the  kidneys 
and  suprarenal  capsules,  but  it  also  becomes  interpolated  between  the  layers  of 
peritoneum  upholding  and  enveloping  the  intestines.  This  tissue  is  absent  in 
relation  to  the  diaphragm,  on  the  under  surface  of  which  there  is  also  no  fat. 


.7 


Fig.  337. — The  Groin.    Structures  between  the  Layers  of  the 
Superficial  Fascia. 


THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 


The  muscles  of  the  abdominal  wall  are  in  three  series — lateral,  anterior,  and 
posterior. 

The  lateral  muscles  of  the  abdominal  wall  comprise  the  obliquus  externus, 
obliquus  internus,  and  transversalis  abdominis. 

The  obliquus  externus  abdominis  is  a  broad  thin  sheet  of  muscle,  with  an 
origin  from  the  outer  surfaces  of  the  lower  eighfcsribs,  by  slips  which  inter- 
digitate  with  the  serratu^^^agnus  and  latissimus  ^fersi  muscles.  The  muscular 
fibres  radiate  downwards  and  forwards,  the  lowest  fibres  passing  vertically  down- 
wards. The  lower  and  posterior  part  of  the  muscle  is  inserted  directly  by  fleshly 
fibres  into  the  outer  lip  of  the  iliac  crest  in  its  anterior  half  or  two-thirds  (Fig. 
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290,  p.  373).    The  rest  of  the  muscle  is  inserted  into  an  extensive  triangular  apo- 
neurosis cover- 

Rectus  abdominis  .  ,  ^  . 

mg  the  anterior 
abdominal  wall. 
This  aponeurosis 
is  broader  below 
than  above  ;  it  is 
united  with  part 
of  the  aponeurosis 
of  the  obliquus 
internus  in  the 
upper  three- 
fourths  of  its  ex- 
tent, to  form  the 
anterior  layer  of 
the  sheath  of  the 
rectus  muscle.  It 
thus  gains  an  at- 
tachment, above 
to  the  ensiform 
cartilage,  below 
to  the  symphysis 
pubis,  and  by  its 
inter  medi  ate 
fibres  to  the  linea 
alba,  a  broad  in- 
terlacing band  of 
fibres  about  half 
an  inch  in  width 
which  occupies 

the  middle  line  of  the  anterior  abdominal  wall  in  its  whole  extent,  and  forms  the 
greater  part  of  the  ultimate  insertion  of  all  the  lateral  abdominal  muscles. 


Obliquus  externus 

Obliquus  inteiinus 
Transversa  LIS  ) 

ABDOMINls\/y 

Fascia  transversalis  ^// 
Peritoneum 


Colon 


Extraperitoneal  \ 
tissue 

Kidney 

Luuibar  fascia 

Latissimus  doksi" 
quadratus  lumboru.m 


Psoas  fasci 


r5econd  lumbar 
vertebra 


Anterior  layer  of 
lumbar  fascia 


MULTIFIDUS 
Sl'IN^ 


^tMISPINALl 
DORSI 


Middle  layer  of  lumbar  fasi-ui  | 
Ilio-costalis 

Vertebral  aponeurosis 


\ 

LONGISSIMUS  DORSI 


Fig. 


338. — Transv^erse  Section  THRoacH  the  Abdomen,  opposite  the 
Second  Lumbar  Vertebra. 


Obliquus  externus  muscle 
Aponeurosis  of  obliquus  externus 
Intercolumnar  fibres 

Poupf),rt's  ligament 

Iliac  portion  of  fascia  lata 
External  cutaneous  nerve — j 

Falciform  ligament 
Crural  sheath 
Femoral  vein 
Femoral  arterj 
Genito-crural  nervt 
Inferior  cornu  of  saphenous 
opening 

Femoral  lymphatic  gland 
Internal  saphenous  vein 


p]leventh  thoracic  nerve 
Twelfth  thoracic  nerve 
Ilio-hypogastric  nerve 

fiiterm/  }  P''^^^^'^  external  abdominal  ring 
External  abdominal  ring  and  spermatic  cord 

Suspensory  ligament  of  penis 
Ilio-inguinal  nerve 


Body  of  penis 

Dartos  nmscle  of  scrotum 


Middle  cutaneous  nerves  Pubic  portion  of  fascia  lata 

Fig.  339.— The  Groin.    The  Structures  seen  on  removal  of  the  Superficial  Fascia. 


The  upper  part  of  the  aponeurosis  covers  the  insertion  of  the  rectus  abdominis 
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muscle  on  the  chest  wall,  and  gives  origin  to  fibres  of  the  pectoralis  major.  Below, 
in  the  groin,  it  gives  rise  to  Poupart's  ligament,  Gimbernat's  ligament,  the  external 
abdominal  ring  with  its  two  pillars,  the  intercolumnar  fascia  and  fibres,  and  the 
triangular  fascia. 

Poupart's  ligament  is  a  fascial  band  which  extends  from  the  anterior  superior 


Fig.  340. — Anterior  Muscles  of  the  Trunk. 


iliac  spine  to  the  spine  of  the  pubis,  arching  over  the  iliacus,  psoas,  and  pectineus 
muscles.  It  represents  the  lower  limit  of  the  aponeurosis  of  the  obliquus  externus 
abdominis,  and  gives  attachment  below  to  the  fascia  lata  of  the  thigh.  Its  Goitar^J^^ 
part  affords  partial  origin  to  the  deeper  lateral  muscles  of  the  abdominal  wall, 
and  receives  the  attachment  of  the  fascia  transversalis  and  fascia  ihaca  ;  the  iaBrervn^-w^ 
part  forms  the  gutter-like  floor  of  the  inguinal  canal.  At  its  inner  end  a  triangular 
band  of  fibres  is  reflected  horizontally  backwards  to  the  ilio-pectineal  Hne,  forming 
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Gimbernat's  ligament,  the  outer  edge  of  which  limits  internally  the  crural  ring.  The 

femoral  vessels  enclosed  in  the  femoral  sheath  enter  the  thigh  beneath  Poupart's 
ligament,  in  front  of  the  psoas  muscle,  and  the  term  superficial  crural  arch  is  given 
to  the  part  of  the  ligament  which  covers  the  vessels. 

The  external  abdominal  ring,  the  place  of  exit  of  an  inguinal  hernia,  is  a  split  in 
the  aponeurosis  of  the  obliquus  externus,  just  above  the  spine  of  the  pubis.  It 
transmits  the  spermatic  cord,  or  round  ligament  of  the  uterus,  covered  by  the 
cremaster  muscle  or  cremasteric  fascia.  The  opening  is  of  considerable  extent,  and 
its  edges  are  drawn  together  by  a  thin  fascia,  strengthened  superficially  by  a  number 
of  arched  and  horizontal  fibres,  called  the  intercolumnar  fibres,  which  arise  from 
Poupart's  ligament  and  sweep  inwards  across  the  cleft  in  the  aponeurosis. 

The  margins  of  the  ring  constitute  its  pillars.  The  external  pillar  is  narrow, 
and  is  formed  from  that  part  of  the  aponeurosis  which  joins  the  pubic  spine,  and  is 
continuous  with  the  inner  end  of  Poupart's  ligament.    The  internal  pillar  is  the 

part  of  the  apo- 
neurosis internal 
to  the  ring  which 
is  attached  to  the 
crest  and  sym- 
physis of  the 
pubis.  It  is  flat 
and  broad. 

The  inter- 
columnar fibres 
and  the  pillars  of 
the  external  ab- 
dominal ring  are 
continuous  with 
a  thin  tubular 
sheath,  the  inter- 
columnar or  ex- 
ternal spermatic 
fascia,  which  is 
attached  to  the 
margins  of  the 
"ring," and  forms 
an  envelope  for 

the  spermatic  cord  or  round  ligament  in  their  further  passage  beyond  the  abdominal 
wall. 

The  triangular  fascia,  lastly,  is  a  triangular  band  of  fibres  placed  behind  the 
internal  pillar  of  the  external  abdominal  ring.  It  consists  of  fibres  from  the 
opposite  external  oblique  aponeurosis,  which,  having  traversed  the  linea  alba,  gain 
an  insertion  into  the  crest  and  spine  of  the  pubis. 

The  obliquus  externus  muscle  is  superficial  in  almost  its  whole  extent.  It  is 
overlapped  posteriorly  by  the  latissimus  dorsi  muscle,  but  may  be  separated  from 
it  just  above  the  iliac  crest  by  an  angular  interval  (triangle  of  Petit). 

The  obliquus  internus  abdominis,  a  broad  thin  sheet  lying  between  the 
obliquus  externus  and  the  transversalis,  arises  from  (1)  the  lumbar  fascia,  (2)  the 
anterior  half  of  the  iliac  crest,  and  (3)  the  outer  half  of  Poupart's  ligament. 
Directed  for  the  most  part  upwards  and  forwards,  its  highest  fibres  are  inserted 
directly  into  the  last  three  ribs.  The  rest  of  the  fibres  form  an  extensive  aponeu- 
rosis, broader  above  than  below,  which  splits  along  the  linea  semilunaris,  to  form,  along 
with  the  aponeuroses  of  the  obliquus  externus  and  transversalis  muscles,  the  sheath 
of  the  rectus  abdominis,  and  is  thereafter  inserted  into  the  seventh,  eighth,  and  ninth 
costal  cartilages,  and  into  the  linea  alba  from  the  ensiform  cartilage  to  the  symphysis 
pubis.  The  fibres  arising  from  Poupart's  ligament  join  with  those  of  the  trans- 
versalis muscle  having  a  similar  origin  to  form  the  conjoint  tendon,  which  passes 
altogether  in  front  of  the  rectus  muscle,  to  be  attached  to  the  pubic  crest  and  spine 
and  to  the  ilio-pectineal  line. 


Obliquus  extbrnus- 


Obliquus  internus. 

Uio-hypogastric  nerve — 

Ilio-inguinal  nerve  — 

Cremaster 
Aponeurosis  of 
obliquus  externus  (cut) 

Saphenous  opening  — 

Genito-crural  nerve 
Internal  saphenous  vein 


Fig.  341.— The  Groin. 


Aponeurosis  of 
obliquus 
externus  (cut) 
Twelfth  thoracic 
nerve 


Triangular  fascia 

Spermatic  cord 
Suspensory  liga- 
ment of  penis 

Intercolumnar 
fascia 

Dartos  muscle 


The  Structures  seen  on  removal  of  part 
Obliquus  Externus. 
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The  obliquus  internus  is  limited  above  by  the  costal  arch.  Its  lower  fibres, 
arching  over  the  spermatic  cord,  assist  in  forming,  externally,  the  anterior  wall  of 
the  inguinal  canal ;  internally,  by  means  of  the  conjoint  tendon,  it  helps  to  form 
the  posterior  wall  of  the  canal. 

Its  lowest  fibres  are  continued  into  the  cremaster  muscle,  which  is  prolonged 
along  the  spermatic  cord  through  the  inguinal  canal. 

The  cremaster  muscle  may  be  said  to  have  an  origin  from  the  lower  border  of  the 
obliquus  internus,  and  from  the  centre  of  Poupart^ligament.  It  forms  a  thin  sheet, 
enveloping  the  testicle  and  spermatic  cord  ;  its  fibres  are  arranged  in  loops  which  arch 
over  the  cord,  and  are  inserted  into  the  fascia,  and  to  a  less  extent  (uppermost  fibres)  into 
the  pubic  spine.  The  muscle  is  more  largely  represented  by  fascia  in  the  female,  and 
constitutes  the  cremasteric  fascia. 

The  transversalis  muscle  arises  (1)  from  the  under  surface  of  the  costal 
cartilages  of  the  lower  six  ribs,  inter-digitatinsLJmth  tbi~origins~oF'the  diapliraoiii : 
(2)  from  the  lumbar  fascia ;  (3)  from  the  anterior  half  of  the  inner  lip  of  the  iliac 
crest ;  and  (4)  from  the  outer  third  of  Poupart's  ligament.    The  muscular  fibres 


Fig.  342. — The  Groin.    The  Structures  seen  on  reflexion  of  part  of  the  Obliquus  Internus. 

are  directed  for  the  most  part  horizontally  forwards,  and  end  in  an  aponeurosis 
which  has  a  twofold  insertion.  (1)  After  forming  (along  with  the  aponeurosis  of 
the  obliquus  internus)  the  posterior  layer  of  the  sheath  of  the  rectus,  the 
aponeurosis  is  attached  to  the  ensiform  cartilage  and  linea  alba.  (2)  The  lower 
fibres  of  the  muscle  arising  from  Poupart's  ligament  are  joined  by  the  lower  part 
of  the  obliquus  internus  to  form  the  larger  part  of  the  conjoint  tendon,  which  passes 
in  front  of  the  lower  part  of  the  rectus  muscle,  to  be  inserted  into  the  crest  and  spine 
of  the  pubis  and  the  ilio-pectineal  line. 

The  transversalis  muscle  is  separated  by  the  lower  intercostal  nerves  from  the 
obliquus  internus  muscle,  and  is  lined  on  its  deep  surface  by  the  transversalis  fascia. 
Its  lower  border  forms  a  concave  edge,  separated  from  Poupart's  ligament  by  a 
lunular  interval  in  which  the  transversalis  fascia  appears,  and  through  which  the 
spermatic  cord  emerges  at  the  internal  abdominal  ring,  under  cover  of  the  obliquus 
internus  muscle  and  the  aponeurosis  of  the  obliquus  externus. 

The  anterior  muscles  of  the  abdominal  wall  include  the  pyramidalis  and 
rectus  abdominis,  enveloped  by  the  sheath  of  the  rectus  on  either  side  of  the  linea 
alba. 

The  pyramidalis  abdominis  is  a  small  triangular  muscle  arising  from  the  pubic 
crest  in  front  of  the  rectus  muscle  (Fig.  282,  p.  366).    It  is  directed  obliquely 
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upwards,  to  be  inserted  for  a  variable  distance  into  the  linea  alba.  The  muscle 
is  often  absent. 

The  rectus  abdominis  muscle  is  broad  and  strap-like,  and  arises,  by  an  inner 
and  an  outer  head,  from  the  symphysis  and  crest  of  the  pubis  (Fig.  282,  p.  366). 
Expanding  as  it  passes  upwards,  the  muscle  is  inserted  from  within  outwards  into 
the  front  of  the  ensiform  cartilage  (Fig.  246,  p.  322),  and  into  the  front  of  the 
seventh,  sixth,  and  fifth  costal  cartilages.  On  its  anterior  surface,  but  not 
extending  through  the  entire  substance  of  the  muscle,  are  three  or  more  transverse 
tendinous  intersections  (linese  transversse),  adherent  to  the  sheath  of  the  muscle  ; 
the  lowest  opposite  the  umbilicus,  and  the  highest  about  the  level  of  the  ensiform 
cartilage.    Enclosed  in  its  sheath,  and  covered  anteriorly  by  the  pyramidalis  muscle, 

the  rectus  conceals  the  superior  and  deep 
^    "  epigastric  vessels,  the  terminal  branches 

'  '  —  ^^5=:=^;^^^:^- —  Qf  ^i^Q  lower  thoracic  nerves  (which 
pierce  the  muscle  to  reach  the  anterior 
abdominal  wall),  the  fold  of  Douglas, 
and  the  fascia  transversalis.  The  inner 
border  of  the  muscle  lies  alongside  the 
linea  alba;  its  outer  border  is  convex, and 
corresponds  to  the  linea  semilunaris. 

The  sheath  of  the  rectus  muscle  is 
derived  from  the  aponeuroses  of  the 
lateral  muscles  of  the  abdominal  wall, 
which,  after  enclosing  the  muscle,  give 
rise  in  the  middle  line  to  the  linea  alba. 
At  the  linea  semilunaris,  at  the  outer 
border  of  the  rectus  muscle,  the  apo- 
neurosis of  the  obliquus  internus  splits 
into  anterior  and  posterior  layers.  The 
anterior  layer,  joined  by  the  aponeurosis 
of  the  obliquus  externus,  passes  in  front 
of  the  rectus,  and  constitutes  the  anterior 
lamina  of  the  sheath.  The  posterior 
layer,  joined  by  the  aponeurosis  of  the 
transversalis  muscle,  passes  behind  the 
rectus,  and  constitutes  the  posterior 
lamina  of  its  sheath.  This  arr angemen  t 
obtains  in  the  upper  three-fourths  of 
the  al^dominal  wall.  Below  the  level 
of  the  iliac  crest  the  sheath  of  the 
muscle  is  deficient  posteriorly,  and  a 
crescentic  border,  the  fold  of  Douglas, 
marks  the  lower  limit  of  the  posterior 
lamina.  In  consequence,  the  rectus  in 
the  lower  fourth  of  the  abdominal  wall 
rests  upon  the  fascia  transversalis 
directly.  Close  examination,  however, 
usually  reveals  a  thin  layer  behind  the  muscle  in  continuity  with  the  fold  of 
Douglas,  and  merging  below  with  the  fascia  transversalis.  In  this  region  the  rectus 
is  covered  anteriorly  by  the  conjoint  tendon  of  the  obliquus  internus  and  trans- 
versalis, and  by  the  aponeurosis  of  the  obliquus  externus,  which  is  gradually 
becoming  separate  from  the  subjacent  aponeurosis.  The  upper  part  of  the  rectus, 
lying  on  the  chest  wall,  is  only  covered  anteriorly  by  a  single  layer  of  aponeurosis 
derived  from  the  obliquus  externus,  which  in  this  situation  is  giving  origin  to  the 
pectoralis  major  muscle. 

Inguinal  Canal. — The  spermatic  cord  in  the  male,  and  the  round  ligament  in 
the  female,  in  their  passage  through  the  lower  part  of  the  abdominal  wall,  pass 
through  the  inguinal  canal,  which  is  bounded  by  these  abdominal  muscles.  The 
canal  begins  at  the  internal  ctbdominal  ring,  placed  half  an  inch  above  Poupart's 


Fig.  343. 


The  Sheath  of  the  Rectus  Abdominis 
Muscle. 

(I.)  In  the  thoracic  wall;  (II.)  In  the  upper  three- 
quarters  of  the  abdominal  wall  ;  (III.)  In  the  lower 
fourth  of  the  alxlominal  Avail. 

A,  Rectus  muscle  ;  i  B,  Obliquus  externus;  C,  Dia- 
phragm ;  D,  Obliquus  internus  ;  E,  Transver- 
salis abdominis,  a,  Anterior  layer  of  rectus  sheath  ; 
h,  Fifth  costal  cartilage  ;  c,  Sixth  costal  cartilage  ; 
d,  Xiphoid  cartilage  ;  e,  Posterior  layer  of  rectus 
sheath  ;  /,  Transversalis  fascia  ;  g,  Peritoneum  ;  /i, 
Linea  alba.    1,  Deep  epigastric  artery. 


THE  MUSCLES  OF  THE  ABDOMINAL  WALL. 


433 


ligament,  and  midway  between  the  anterior  superior  iliac  spine  and  tlie  symphysis 
pubis.  It  ends  at  the  external  abdominal  ring,  placed  above  the  spine  and  crest 
of  the  pubis.  The  front  ivall  of  the  canal  is  formed  by  the  aponeurosis  of  the 
obliquus  extern  us,  and  in  its  outer  part  by  the  muscular  fibres  of  the  obliquus 
internus  ;  the  hack  wall  of  the  canal  is  formed  by  the  fascia  transversalis,  and  in 
its  inner  part  by  the  conjoint  tendon  ;  while  the  Jioor  of  the  canal  is  formed  by 
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Fig.  344.— View  of  the  Posterior  Abdominal  Wall,  to  show  the  Muscles  and  the  Nerves  of 

THE  Lumbo-Sacral  Plbxus. 

Poupart's  ligament,  and  in  its  inner  part  by  Gimbernat's  ligament.  The  spermatic 
cord,  piercing  the  transversalis  fascia,  enters  the  inguinal  canal  at  the  internal 
abdominal  ring,  and  is  there  invested  by  its  Jirst  envelope,  the  infundibuliform  or 
internal  spermatic  fascia,  a  sheath  of  fascia  derived  from  the  margin  of  the  ring  and 
continuous  with  the  fascia  transversalis.  It  then  passes  obliquely  inwards,  down- 
wards, and  forwards,  and  escapes  below  the  lower  border  of  the  obliquus  internus 
muscle,  from  which  it  carries  off  a  second  investment,  partly  fascial,  partly  muscular 
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— the  cremaster  muscle  or  cremasteric  fascia.  Continuing  its  course  in  front  of  the 
conjoint  tendon,  it  emerges  through  the  external  abdominal  ring,  from  the  edges  of 
which  the  intercolumnar  fascia  is  derived,  the  third  or  external  i'nvestme7it  for  the  cord. 

Hesselbach's  triangle,  bounded  below  by  the  line  of  Poupart's  ligament,  internally 
by  the  rectus  abdominis  muscle,  and  externally  by  the  deep  epigastric  artery  on 
the  mesial  side  of  the  internal  abdominal  ring,  is  the  site  of  one  form  of  inguinal 
hernia.  The  spermatic  cord  passes  over  the  base  of  the  triangle,  covered  over 
by  the  aponeurosis  of  the  obliquus  externus.  Behind  the  cord,  and  forming  the 
floor  of  the  triangle,  are  the  fascia  transversalis  and  the  conjoint  tendon  of  the 
obliquus  internus  and  transversalis  muscles. 

Inguinal  Hernia. — For  an  account  of  the  anatomical  relations  of  the  inguinal 
canal  to  the  various  forms  of  inguinal  hernia,  see  the  section  on  "  Applied  Anatomy." 

The  posterior  muscles  of  the  abdominal  wall  and  false  pelvis  include  the 
psoas  (magnus  and  parvus)  and  iliacus,  described  ah^eady  (p.  363),  and  the  quadratus 
lumborum. 

The  quadratus  lumborum  lies  on  the  posterior  wall  of  the  abdomen  external 
to  the  psoas,  and  extends  between  the  iliac  crest  and  the  last  rib.  It  arises  from 
the  posterior  part  of  the  iliac  crest,  from  the  ilio-lumbar  ligament,  and  from  the 
transverse  processes  of  the  lower  lumbar  vertebrae.  It  is  inserted  above  into  the 
inner  part  of  the  lower  border  of  the  last  rib  and  the  transverse  processes  of 
the  upper  lumbar  vertebrae.  It  is  enclosed  between  the  anterior  and  middle 
layers  of  the  lumbar  aponeurosis  (p.  391),  and  is  placed  behind  the  colon,  kidney, 
and  psoas  muscle,  in  front  of  the  multifidus  spinee  and  the  lumbar  transverse 
processes.    Its  outer  border  is  directed  obliquely  upwards  and  inwards. 

Nerve-Supply. 

The  nerve  -  supply  of  all  the  foregoing  muscles  exce2)t  the  psoas,  cremaster,  quadratus 
lumborum,  and  ihacus,  is  derived  from  the  anterior  jJihnary  divisions  of  the  lower  six  thoracic 
nerves.  Tlie  pyraniidalis  nuiscle  is  innervated  by  the  last  thoracic  nerve.  The  cremaster  muscle 
receives  its  suj^ply  from  tlie  genito-crural  nerve,  whilst  the  quadratus  lumborum  is  innervated 
by  the  first  three  or  four  lumbar  nerves.  The  psoas  and  iliacus  muscles  are  supplied,  directly  or 
through  tlie  anterior  crural  nerve,  from  the  second,  third,  and  fourth  lumbar  nerves. 

Actions. 

Many  of  the  actions  of  the  above  muscles  have  already  been  given  in  jDrevious  sections.  (1) 
Their  chief  action  is  to  retract  the  abdominal  walls,  and,  by  compressing  the  contents  of  the 
abdomen,  they  are  j^owerful  agents  in  vomiting,  defsecation,  micturition,  parturition,  and 
laboured  expiration.  (2)  They  are  also  flexors  of  the  spine  and  pelvis — the  muscles  of  both  sides 
acting  together  ;  the  spine  and  j)elvis  are  laterally  flexed,  when  one  set  of  muscles  acts  alone.  (3) 
The  quadratus  lumborum  is  a  muscle  of  inspiration,  an  extensor  of  the  sjDine,  and  a  lateral  flexor 
of  the  spine  and  pelvis. 

FASCIA  AND  MUSCLES  OF  THE  PERINEUM  AND  PELVIS. 
FASCIA  OF  THE  PERINEUM. 

The  superficial  fascia  of  the  perineum  possesses  certain  special  featuies.  It 
is  continuous  with  the  superficial  fascia  of  the  abdominal  wall,  thigh,  and  buttock, 
and  is  prolonged  on  to  the  penis  and  scrotum.  In  relation  to  the  penis,  it  is 
devoid  of  fat  and  consists  only  of  areolar  tissue.  In  relation  to  the  scrotum,  it  is 
intermingled  with  involuntary  muscular  fibres,  and  constitutes  the  dartos  muscle, 
which  assists  in  suspending  the  testicles  and  corrugating  the  skin  of  the  scrotum. 
This  fascia  also  forms  the  septum  of  the  scrotum,  which,  extending  upwards,  in- 
completely separates  the  two  testicles  and  their  coverings.  In  the  female  the 
superficial  fascia  takes  a  large  share  in  the  formation  of  the  mons  veneris  and 
labia  niajora,  in  which  a  considerable  quantity  of  fat  occurs. 

The  fascia  over  the  iiosterior  pa.rt  of  the  perineum  fills  up  the  ischio-rectal  fossae, 
in  the  form  of  two  pads  of  adipose  tissue,  on  either  side  of  the  rectum  and  anus. 
Over  the  tuberosities  of  the  ischium  the  fat  is  largely  replaced  by  bands  of  fibrous 
tissue  closely  adherent  to  the  subjacent  deep  fascia. 
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llie  fascia  in  tlie  anterior  part  of  the  perineum  closely  resembles  the  same 
fascia  in  the  groin.  It  is  divisible  into  a  superficial  fatty  and  a  deeper  membranous 
layer ;  the  former  continuous  with  the  same  layer  in  the  thigh,  and  with  the  fat 
of  the  ischio-rectal  fossa  posteriorly.  The  deeper  membranous  layer  is  attached 
laterally  to  the  pubic  arch,  posteriorly  to  the  base  of  the  triangular  ligament,  and 
in  the  middle  line  to  the  root  of  the  penis  (bulb  and  corpus  spongiosum)  by  a 
median  raphe  continuous  farther  forwards  with  the  septum  of  the  scrotum 
mentioned  above.  Anteriorly  the  fascia  is  continued  over  the  spermatic  cords  to 
the  anterior  abdominal  wall.  The  importance  of  this  fascia  lies  in  relation  to  the 
extravasation  of  urine  from  a  rupture  of  the  urethra.  By  the  fascial  attachments 
the  fluid  is  prevented  from  passing  backwards  into  the  ischio-rectal  fossa,  or 
laterally  into  the  thigh.  It  is  directed  forwards  into  relation  with  the  scrotum 
and  penis,  and  along  the  spermatic  cord  to  the  anterior  abdominal  wall.  The 
septum  of  the  scrotum  being  incomplete,  fluid  extravasated  on  one  side  can  pass 
across  the  middle  line  to  the  opposite  half  of  the  perineum  and  scrotum. 

The  deep  fascia  of  the  perineum  only  exists  in  the  form  of  the  delicate 
aponeuroses  of  the  muscles. 

THE  MUSCLES  OF  THE  PERINEUM. 


The  perineal  muscles  are  naturally  separated  into  a  superficial  and  a  deep  set  ])y 
the  triangular  ligament.    Superficially  are  the  sphincter  ani  externus,  transversus 


Perineal  branch  of  foTirth  sacral  nerve.  Anterior  sacro-coccygeal  nerve 


Fig.  345. — The  Muscles  and  Nerves  of  the  Male  Perineum. 

perinei  superficialis,  bulbo-cavernosus,  and  ischio-cavernosus  ;  beneath  the  triangular 
ligament  is  the  compressor  urethrte. 

Sphincter  ani  Externus. — This  muscle  is  fusiform  in  outline,  flattened,  and 
obliquely  placed  around  the  anus  and  anal  canal.  It  can  be  separated  into 
three  layers, — subcutaneous,  superficial,  and  deep.  (1)  The  most  superficial  lamina 
consists  of  subcutaneous  fibres  decussating  behind  and  in  front  of  the  anus,  but 
without  bony  attachments.  (2)  The  sphincter  ani  superficialis  constitutes  the 
main  portion  of  the  muscle.  It  is  attached  pos^smudy.  to,_^he^^ccjn^  and  in 
front  of  the  anus  reaches  the  central  pQipt^oLthe  pejirieunL    (o)  The  deep  fibres 
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of  the  muscle  form  for  the  most  part  a  complete  sphincter  for  the  anal  canal.  They 
are  continuous  with  the  fibres  of  the  levator  ani ;  they  encircle  the  anal  canal,  and 
blend  anteriorly  with  the  central  point  of  the  perineum  and  the  transversus 
perinei. 

The  muscle  surrounds  the  anus,  covered  only  by  the  skin,  superhcial  fascia,  and 
the  corrugator  cutis  ani  (a  series  of  non-striated  muscular  fibres  radiating  from  the 
anal  opening).  It  rests  on  the  edge  of  the  levator  ani,  and  forms  the  median 
boundary  of  the  ischio-rectal  fossa. 

The  transversus  perinei  superficialis  is  not  always  present.  It  consists  of  a 
more  or  less  feeljle  bundle  of  fibres,  arising  from  the  ascending  ramus  of  the  ischium 
and  the  fascia  over  it,  and  from  tlie  base  of  the  triangular  ligament.  It  is  directed 
inwards  and  forwards  to  be  inserted  into  the  central  point  of  the  perineum.  It 
conceals  the  base  of  the  trianoailar  lio-ament,  and  has  a  variable  relation  to  the 
superficial  perineal  vessels  and  nerves. 

The  bulbo-cavernosus  (ejaculator  urina^),  in  the  male,  surrounds  the  bulb,  corpus 
spongiosum,  and  root  of  the  penis.  It  is  sometimes  separated  into  two  parts — 
posterior  (compressor  bulbi),  and  anterior  (compressor  radicis  penis).  It  arises  from 
the  central  point  of  the  perineum,  and  fr(jm  a  median  raphe  on  the  under  surface  of 

the  bulb  and  corpus 
spongiosum.  The  mus- 
cular fibres  are  directed 
outwards  and  forwards, 
and  have  a  triple  inser- 
tion :  from  behind  for- 
wards, (1)  into  the 
under  surface  of  the 
triangular  ligament ; 
(2)  into  the  membrane 
covering  the  corpus 
spongiosum ;  and  (3), 
after  encircling  the 
corpora  cavernosa,  into 
the  fascia  covering  the 
dorsum  of  the  penis. 

The  ischio-bul- 
bosus,  not  always 
present,  arises  from  the 
ischium,  and  passes  ob- 
liquely inwards  and  for- 
wards over  the  bulbo- 
cavernosus,  to  be  in- 
serted into  the  raphe 
superficial  to  that  muscle. 
It  belongs  to  the  same 
stratum  as  the  trans- 
versusperineiand  erector 
penis. 

The  compressor 
hemispherium  bulbi 
is  frequently  absent.  It 
consists  of  a  thm  cap-like  layer  of  muscular  fibres  surrounding  the  extremity  of  the 
bulb  under  cover  pf  the  bulbo-cavernosus. 

The  bulbo-cavernosus  (sphincter  vagina3),  in  the  female,  is  separated  into  lateral 
halves  by  the  vaginal  and  urethral  openings.  It  forms  two  thin  lateral  layers 
covermg  the  vaginal  bulbs,  and  arises  behind  the  vaginal  orifice  from  the  central 
pomt  of  the  perineum.  Anteriorly  it  is  inserted  into  the  root  of  the  clitoris, 
some  of  its  fibres  embracing  the  corpora  cavernosa  so  as  to  reach  the  dorsum  of 
the  clitoris. 

The  ischio-cavernosus  (erector  penis),  in  the  male,  covers  the  crus  penis.  It 
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arises  from  the  ischi.il  tuberosity  and  the  great  sacro-sciatic  hgament,  and  passing 
forwards,  is  inserted  by  a  fascial  attachment  into  the  under  surface  of  the  crus 
penis,  and  into  the  outer  side  and  dorsal  aspect  of  the  corpus  cavernosum. 

The  ischio-cavernosus  (erector  clitoridis),  in  the  female,  has  a  similar  disposition, 
but  is  of  inuch  smaller  size  than  in  the  male. 

T]r'  pubo-cavernosus  is  an  occasional  slip  arising  from  tlie  pubic  ramus,  and  inserted  into 
tlK^  dorsum  uf  the.  })eiiis.    It  corresponds  to  the  levator  penis  of  lower  animals. 

The  compressor  urethrae  (constrictor  urethne)  constitutes  the  deeper  muscuhir 
stratum  of  the  perineum.  It  is  placed  on  the  pelvic  aspect  of  the  triangular 
ligament.  It  arises  from  the  lower  part  of  the  pubic  ramus,  and  is  directed  inwards, 
its  fibres  radiating  so  as  to  enclose  the  membranous  urethra.  It  is  inserted  into  a 
median  raphe,  partly  in  front  of  the  urethra,  but  for  the  most  part  behind  it.  The 
fibres  most  intimately  related  to  the  urethra  form  a  tubular  sheath  for  the  canal, 
and  have  no  bony  attachments. 

The  most  anterior  and  mcst  posterior  fibres  of  the  compressor  urethrae  exist  sometimes 
as  separate  muscles. 

The  transversus  perinei  profundus  consists  of  a  bundle  of  fibres  on  either  side, 
arising  from  the  ascending  ramus  of  the  ischium  just  below  the  compressor  urethras.  It 
is  inserted  into  a  median  raphe  continuous  with  that  of  the  compressor  urethne.  The 
muscle,  in  fact,  constitutes  a  separate  bundle  below  and  behind  the  compressor  urethne. 

The  ischio-pubicns  is  a  term  applied   to  a  feeble  bundle  of  fibres  which,  when 
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Fig.  -347. — The  Triangular  Ligament  op  the  Perineum,  and  the  Termination  of  the  Pudic  Nerve. 

present,  lies  above  and  in  front  of  the  compressor  urethme.  It  arises  from  the  pubic 
ramus,  and  is  inserted  into  a  median  raphe  in  front  of  the  membranous  urethra.  This 
muscle  is  homologous  with  the  compressor  vense  dorsalis  penis  of  low^er  animals. 

The  compressor  urethrse  in  the  female  is  smaller  than  in  the  male.  Its 
insertion  is  modified  by  the  relations  of  the  urethra  to  the  vagina.  The  anterior 
fibres  are  continuous  with  those  of  the  opposite  side  in  front  of  the  urethra  ;  the 
intermediate  fibres  pass  between  the  urethra  and  vagina,  and  the  posterior  fibres 
are  attached,  along  with  the  transversus  perinei  profundus  (transversus  vaginae),  into 
the  side  of  the  vagina. 

Nerve-Supply. 

The  pudic  nerve  (S.  2.  3.  4.)  supplies  all  tlie  muscles  in  this  group  ;  the  external  sphincter 
througli  the  inferior  hemorrhoidal,  and  the  others  through  the  perineal  branch  of  the  nerve. 
The  external  sphincter  is  also  supplied  by  the  perineal  branch  of  the  fourth  sacral  nerve. 
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Actions. 

The  external  sphincter  closes  the  anal  canal.  The  transversus  perinei  superficialis  draws 
back  and  fixes  the  central  jjoint  of  the  perineum,  assisted  by  the  external  sphincter.  The  bulbo- 
cavernosus  of  the  male  constricts  tlie  bulb  and  corpus  spongiosum,  and  so  expresses  the  last  drops 
of  urine  or  semen.  In  the  female  it  acts  as  a  feeble  sphincter  of  the  vagina.  The  ischio- 
cavernosus  and  bulbo-cavernosus  help  in  erection  of  the  penis  or  clitoris.  The  compressor 
urethrse  constricts  the  membranous  urethra,  and  in  the  female  helps  to  flatten  and  fix  the  wall  of 
the  vagina.  It  also  assists  in  causing  erection  of  the  penis  or  clitoris  by  compression  of  the  veins 
in  relation  to  it. 

FASCIA  OF  THE  PELVIS. 

The  pelvic  basin,  placed  obliquely,  deeper  and  more  hollowed  behind  than  in 
front,  and  imperfect  in  its  bony  boundaries,  is  to  a  large  extent  completed  by  liga- 
ments. The  sacro-sciatic  ligaments  behind,  the  obturator  membrane  laterally,  and 
the  triangular  ligament  in  front  assist  in  filling  up  its  osseous  deficiencies.  It  is 
almost  entirely  clothed  internally  by  muscles:  by  the  pyriformis  on  each  side 
behind,  the  obturator  internus  at  the  side,  and  the  compressor  urethrse  in  contact 


Pubo-prostatic  ligaments 
Capsiilft  of  prostate  gland 
Prostate  gland 


Corpus  spongiosum  penis 
I      Corpus  cavernosum 
I      j  Superficial  fascia  of  perineum 
I  1  Compressor  Urethra  muscle 
Triangular  ligament 
I  I       .Posterior  layer  of  triangular  ligament 
'--C^-     -   \  _  Pubic  arcOi 


Obturator  membrane 

Obturator  internus 
J^rletaTfobtm-ator)  layer  of 
pelvic  fascia 
Ischio-rectal  fossa 

Anal  fascia 
Obturator  externus 
Levator  aj^i 

Visceral  layer  of  pelvic  fascia 

Innominate  bone  (ischium) 

Recto-vesical  layer  of  pelvic 
fascia  (enclosing  vasa  deferentia 
and  vesiculse  seniinales) 

Rectal  layer  of  pelvic  fascia 
Rectum 


Pyriformis 


Fig.  348. — Dissection  of  the  Pelvic  Fascia  from  Above  (diagrammatic). 


with  the  triangular  ligament  in  front.  Indeed,  the  bones  of  the  pelvis  only 
project  into  the  cavity  in  three  places ;  the  spines  of  the  ischium  project  into  the 
cavity  on  each  side,  and  the  pubis  appears  irT its  anterior  wall. 

The  pelvic  fascia  forms  a  cylindrical  membrane  lining  the  wall  of  the  pelvis,  as 
an  aponeurosis  for  its  muscles.  It  is  attached  above  and  below  to  the  inlet  and 
outlet  of  the  pelvis  ;  above  to  the  promontory  of  the  sacrum,  ilio-pectineal  line,  and 
back  of  the  pubis  ;  below  to  the  coccyx,  great  sacro-sciatic  ligament,  tuber  ischii, 
and  the  base  of  the  triangular  ligament.  This  cylindrical  membrane  is  the 
parietal  pelvic  fascia ;  it  forms  the  pyriformis  fascia  behind,  the  obturator  fascia 
at  the  side  of  the  pelvis,  and  the  so-called  posterior  layer  of  the  triangular  ligament 
in  front.  As  this  fascia  lines  the  pelvic  wall  it  obtains  attachments  to  the  pro- 
jecting bones,  to  the  back  of  the  pubis  anteriorly,  and  to  the  spine  of  the  ischium 
on  each  side.  It  is  deficient  in  relation  to  the  obturator  groove,  through  which 
the  obturator  artery  and  nerve  pass  to  reach  the  thigh. 

The  white  line,  a  thickened  band  of  the  fascia,  extends  between  the  back  of 
the  pubis  and  the  spine  of  the  ischium,  and  roughly  indicates  the  line  of  separation 
of  the  pelvic  cavity  from  the  ischio-rectal  fossa.  The  white  line  serves  two 
purposes  ;  it  gives  origin  to  fibres  of  the  levator  ani  muscle,  and  also  to  a  secondary 
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Iliacus  muscle  a 
Fascia  iliaca 

Pelvic  peritoneum 

Pelvic  fascia 

Extra-peritoneal 
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Fig.  349. — Oblique  Section  across  the  Pelvis,  to  show  the  Disposition  of 
THE  Pelvic  Fascia  and  the  Boundaries  of  the  Ischio-Rectal  Fossa. 


sheet  of  fascia,  known  as  the  visceral  pelvic  fascia,  which  arches  downwards  and 
inwards  across  the  iloor  of  the  pelvis  to  be  connected  with  the  pelvic  viscera.  This 
membrane  is  thin  and  unimportant  behind,  as  it  passes  forwards  from  the  lower 
sacral  vertebrse  to  the  rectum.  It  is  thicker  at  the  sides  and  front  of  the  pelvis, 
where  it  forms 
a  stout  membrane 
concave  upwards, 
continuous  mesi- 
ally  with  the 
fibrous  coats  of 
the  rectum  and 
bladder,  and  en- 
veloping the  pros- 
tate gland  and 
vesiculse  semin- 
ales.  At  the  front 
of  the  pelvis  this 
layer  extends 
from  the  back  of 
the  pubis,  to 
which  it  is  di- 
rectly attached, 
to  the  neck  of  the 
bladder  and  pros- 
tate  gland,  and 

gives  rise   to  two   lateral   folds — ^the  pubo- prostatic  ligaments,  which  enclose 
between  them  a  hollow  on  the  pelvic^spectjDf  the^  fascia,  .kiiov^^ 
Retzii.    The  lateral  portion  of  the  viscefal  pelvic'fascia  constitutes  the  recto-vesical 
layer,  divisible  into  three  parts — vesical,  rectal,  and  between  these  the  recto-vesical 

layer,  a  partition  insinuated 
between  the  rectum  and 
bladder,  and  enclosing  the 
vesiculse  seminales  and  vasa 
deferentia.  This  visceral 
pelvic  fascia  thus  forms  a 
support  for  the  pelvic  vis- 
cera, and  at  the  same  time 
acts  as  a  partition  between 
the  pelvic  cavity  and  the 
perineum.  It  is  separated 
from  the  pelvic  cavity  by 
the  peritoneum  and  the 
extra-peritoneal  tissue,  and 
is  in  contact  with  the  levator^ 
ani  muscle  on  its-'permeal 
surface.  The  internal  iliac 
vessels  and  their  branches 
lie  on  the  pelvic  aspect  of 
the  fascia,  and  the  parietal 
vessels  pierce  it,  and  are  en- 
nerves 
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Fig.  350. — The  Outer  Wall  of  the  Pelvis  (Pelvic  Fascia). 


sheathed  by  it  as  they  leave  the  pelvis.    On  the 
forming  the  sacral  plexus  lie  outside  the^s^-w^ 

nerve7a!t^"pi^rcmgTIiFTi^^  psoa^s  muscle  and  the  psoas  fascia,  leaves 

the  pelvis  through  a  special  hole  in  the  pelvic  wall,  after  traversing  the  extra- 
peritoneal tissue. 

The  pelvic  fascia  in  the  female  only  differs  in  slight  detail  from  that  of  the 
male.  It  encloses  the  neck  of  the  bladder  and  vagiua  instead  of  the  prostate 
gland,  and  invests  the  lower  part  of  the  neck  of  the  uterus  instead  of  the  vesiculae 
seminales. 
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MUSCLES  OF  THE  PELVIS. 


The  pelvic  diaphragm  consists  of  several  more  or  less  rudimentary  muscular 
slips,  constituting  the  levator  ani  and  ischio-coccygeus  muscles,  which  serve  to 
uphold  the  pelvic  Hoor,  and  are  related  to  the  rectum  and  the  prostate  gland  or 
vagina. 

The  levator  ani  arises  from  (1)  the  back  of  the  body  of  the  pubis,  (2)  the 
parietal  pelvic  fascia  above  or  along  the  luhite  line,  and  (3)  the  spine  of  the  ischium. 


Sacro-sciatic 
ligament  (cut) 


ISCHIO-COCCY- 

GEi's  (part  of 
levator  ani) 


Fig.  351. — The  Fascial  amd  Muscular  Wall  op  the  Pelvis  after  Removal  of  Part  op  the  Left 

Innominate  Bone. 


Its  fibres  are  directed  downwards  and  backwards,  to  be  inserted  into  (1)  the  central 
point  of  the  perineum,  (2)  the  external  sphincter  around  the  anus  and  the  ano- 
coccygeal raphe  behind  the  anus,  and  (3)  into  the  sides  of  the  lower  sacral  and  the 
coccygeal  vertebrae. 

The  concave  upper  surface  of  the  muscle  is  covered  in  part  by  the  visceral 
pelvic  fascia ;  in  part  it  is  in  contact  with  the  rectum  behind  and  the  prostate 
gland  or  vagina  in  front.  The  inferior  convex  surface  of  the  muscle  forms  the 
inner  wall  of  the  ischio-rectal  fossa.  Its  posterior  edge  is  overlapped  by  the 
ischio-coccygeus ;  its  anterior  edge  is  in  contact  with  the  posterior  layer  of  the 
triangular  ligament. 
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The  levator  ani  is  divisible  into  four  parts — pubo-rectalis,  pubo-coccygeus,  iHo- 
coccygeus,  and  ilio-sacralis.  The  pubo-rectalis  (levator  prostatse)  is  the  part  inserted  into 
the  central  point  of  the  perineum.  The  pubo-coccygeus  is  the  part  inserted  into  the  anus 
and  the  ano-coccygeal  raphe,  and  the  ilio-coccygeus  and  ilio-sacralis  are  represented  by 
the  fibres  attached  to  the  sacrum  and  coccyx.  The  first  two  are  best  developed  ;  the  last 
two  series  of  fibres  are  the  most  rudimentary.  These  several  parts  of  the  muscle  represent 
the  remains  of  the  flexor  caudse  of  tailed  animals. 

The  ischio-coccygeus  is  a  rudimentary  muscle  overlapping  the  posterior  border 
of  the  levator  ani.  It  arises  from  the  ischial  spine  and  the  small  sacro-sciatic 
ligament,  and  is  inserted  into  the  sides  of  the  lower  two  sacral  and  upper  two 
coccygeal  vertebrae.  The  muscle  is  separated  from  the  rectum  by  the  visceral 
pelvic  fascia,  and  is  in  contact  externally  with  the  sacro-sciatic  ligaments. 

Nerve-Supply. 

The  levator  ani  is  supplied  from  two  sources  :  by  the  perineal  (muscular)  branch  of  the  pudic 
nerve,  and,  on  its  pelvic  surface,  by  special  branches  from  the  third  and  fourth  sacral  nerves. 
The  iscliio-coccygeus  is  supplied  on  its  pelvic  surface  by  the  third  and  fourth  sacral  nerves. 

Actions. 

(1)  The  levator  ani  and  ischio-coccygeus  serve  to  uphold  and  slightly  raise  the  pelvic  floor. 
(2)  They  are  likewise  capable  of  producing  slight  flexion  of  the  coccyx,  (3)  The  anterior  fibres 
of  the  levator  ani,  in  the  female,  sweeping  round  the  vagina,  compress  its  walls  laterally,  and 
along  with  the  sphincter  vaginae,  help  to  voluntarily  diminish  the  lumen  of  the  tube.  (4)  The 
same  part  of  the  muscle  in  the  male  elevates  the  prostate  gland  (levator  prostatse).  (5)  The  chief 
action  of  the  levator  ani  is  in  defcecation.  Along  with  the  external  sphincter  it  acts  as  a  sphincter 
of  the  rectum,  closing  the  anal  canal.  During  defsecation  the  muscle  draws  upwards  the  anus 
over  the  faecal  mass,  and  so  assists  in  its  expulsion.  (6)  In  parturition,  in  the  same  way,  the 
muscle,  contracting  below  the  descending  foetal  head,  retards  delivery.  Contracting  on  the  fcetal 
head,  it  draws  upwards  the  pelvic  floor  over  the  foetus,  and  so  assists  delivery. 

THE  DEVELOPMENT  AND  MORPHOLOGY  OF  THE  SKELETAL  MUSCLES. 

Our  knowledge  of  the  development  and  morphology  of  the  muscular  system  is  very 
incomplete.  It  has  already  been  shown,  in  the  chapter  on  general  embryology,  that  the 
mesoblast  on  either  side  of  the  embryonic  medullary  tube  separates  into  three  main  parts — 
the  myotome,  nephrotome,  and  sclerotome  or  lateral  plates  (soma top]  cure  and  splanchno- 
pleure)., 

The  myotomes  are  probably  directly  or  indirectly  the  source  of  the  striated  muscles 
of  the  whole  body.  Each  consists  at  first  of  a  quadrilateral  bilaminar  mass,  resting 
against  the  medullary  tube  and  notochord  on  either  side.  The  cleft  between  its  two  layers 
represents  the  remains  of  the  coelomic  cavity.  In  the  early  stages  of  embryonic  life  the 
growth  of  the  myotome  is  rapid.  On  its  inner  side  masses  of  cells  arise,  which  grow  in-^/ 
wards  and  surround  the  medullary  tube  and  notochord  to  form  the  foundation  of  the 
vertebral  column.  On  its  outer  side  cells  appear  to  be  given  off  which  participate  in  the 
formation  of  the  cuiisverg,.  At  the  same  time  the  dorsal  and  ventral  borders  of  the 
myotome  continue  to  extend,  and  present  extremities  (growing  points)  with  an  epithelial 
structure  for  a  considerable  period.  On  the  dorsal  side  it  overlies  the  medullary  tube,  and 
gives  rise  to  the  muscles  of  the  back ;  while  by  its  ventral  extension,  which  traverses  the 
somatopleuric  mesoblast  in  the  body  wall,  it  produces  the  lateral  and  ventral  muscles  of 
the  trunk.  By  an  inward  extension  it  probably  gives  rise  also  to  the  hypaxial  muscles  of 
the  neck  and  loin.  The  cells  of  the  inner  layer  of  the  myotome  are  responsible  for  the 
formation  of  the  muscle  fibres.  The  cells  elongate  in  a  direction  parallel  to  the 
long  axis  of  the  embryo,  and  give  rise,  by  fusion  with  the  cells  of  neighbouring  myotomes, 
to  the  columns  and  sheets  of  muscles  of  the  back  and  trunk.  For  the  most  part  {e.g.  back 
and  abdomen)  the  originally  segmental  character  of  the  muscular  elements  is  lost  by  the 
more  or  less  complete  fusion  of  adjacent  myotomes.  The  intercostal  muscles,  however, 
are  the  direct  derivatives  of  individual  myotomes. 

Muscles  of  the  Limbs. — In  fishes  and  (doubtfully)  reptiles  there  is  evidence  that 
the  myotomes  are  concerned  in  the  formation  of  the  limb-muscles  by  their  extension  into 
the  limb-bud  in  a  manner  similar  to  that  described  for  the  trunk.  In  birds  and  mammals, 
however,  in  which  the  limb -bud  arises  as  an  undifferentiated,  unsegmented  mass  of 
mesoblastic  tissue,  partly  from  the  mesoblast  surrounding  the  notochord,  and  partly  from 
the  somatopleuric  mesoblast,  the  myotomes  stop  short  at  the  root  of  each  limb,  and 
do  not  penetrate  into  its  substance.  Instead,  the  muscular  elements  of  the  limb  take 
32 
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origin  independently  as  double  dorsal  and  ventral  strata  of  fusiform  cells  on  the  dorsal  and 
ventral  surfaces  of  the  limb-bud.  These  strata  are  unseginented  ;  they  are  grouped  around 
the  skeletal  elements  of  the  limb,  and  they  gradually  become  differentiated  into  the  muscle 
masses  and  individual  nniscles  of  the  limb. 


Muscles  of  the  Head. 


-Notwithstanding 


the  obscurity  and  complexity  of  this 


Fig.  352. 

Scheme  to  Illustrate 
THE  Disposition  of  the 
Myotomes  in  the  Em- 
bryo IN  Eelation  to 
THE  Head,  Trunk,  and 
Limbs. 

A,  B,  C,  First  three  cephalic 
myotonies  ;  N,  1,  2,  3,  4, 
Last  persisting  cephalic 
myotomes  ;  C,  T.,  L.,  S., 
Co.,  The  myotomes  of  the 
cervical,  thoracic,  lumbar, 
sacral,  and  caudal  regions  ; 
L,  IL.  IIL,  IV.,  v.,  VL, 
VII.,' VlIL,  IX.,  X.,  XL, 
XII.,' refer  to  the  cranial 
nerves  and  the  structures 
with  which  they  may  be 
embryologically  associ  - 
ated. 


subject,  it  appears  certain  that  at  least  ttvo  series  of  elementary  structures  are  concerned 
in  the  formation  of  the  muscles  of  the  head  and  face — the  cephalic  myotomes  and  the 
muscular  structure  of  the  branchial  arches. 

The  number  of  myotomes  originally  existing  in  the  region  of  the  head  is  not  known, 
although  it  is  stated  with  some  authority  that  nine  is  the  perfect  number.  The  Jirst  three 
are  described  as  persisting  in  the  form  of  the  ocular  muscles,  the  last  three  in  relation  to 
the  muscles  of  the  tongue,  while  the  three  intervening  myotomes  disappear. 

The  following  table  shows  the  possible  fate  of  the  cephalic  myotomes  : — 

First^  Superior,  internal  and  inferior  recti,  obliquus  inferior,  levator  palpebrse  siiperioris. 
Second^  Obliquus  suj^erior. 
Third,  Rectus  externus. 
Fourth,  Fifth  and  Sixth,  Absent. 
Seventh,  -\ 

Eighth,  |  Muscles  of  the  tongue. 

Ninth,  j  Muscles  connecting  the  cranium  and  shoulder  girdle. 

Tenth  {first  cervical)  J 

The  mesoblastic  tissue  of  the  branchial  arches  is  probably  concerned  in  the  production  of 
the  following  muscles  of  the  face  and  neck  ; — 
First  {mandibular)  arch 

Second  {hyoid)  arch 

Third  {thyro-hyoid)  arch 
Fourth  and  Fifth  {branchial)  arches 


Muscles  of  mastication. 
[  Platysma  myoides  and  facial  muscles, 
i  Muscles  of  the  soft  palate. 
I  Stapedius,  stylo-hyoid,  and  digastric. 
fStylo-pharyngeus. 
I  Superior  constrictor, 
f  Middle  and  inferior  constrictors. 
\  Muscles  of  the  larynx. 
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THE  BHAIN  AND  SPINAL  CORD,  WITH  THEIR  MENINGES. 

By  D.  J.  Cunningham. 

The  nervous  system  connects  the  various  parts  of  the  body  with  each  other  and 
co-ordinates  them  into  one  harmonious  whole.  Its  relatively  great  bulk  and  its 
extreme  complexity  constitute  two  of  the  most  distinctive  structural  features 
of  man.  It  consists  of  two  parts,  viz.  the  cerebrospinal  nervous  system  and  the 
sympathetic  nervous  system. 

The  sympathetic  nervous  system  is  composed  of  a  chain  of  serially  disposed 
ganglia,  bound  to  each  other  by  intervening  nervous  cords,  and  placed  one  on  either 
side  of  the  vertebral  column.  In  addition  to  these  gangliated  cords,  the  sympathetic 
system  includes  certain  dense  plexuses  of  nerves  and  numerous  scattered  ganglia. 
The  whole  is  most  intimately  connected  with  the  cerebrospinal  nervous  system,  and 
both  have  apparently  a  common  developmental  origin.  The  separation  of  the 
nervous  system  into  the  two  leading  subdivisions  of  sympathetic  and  cerebro- 
spinal is  therefore  of  a  somewhat  arbitrary  kind. 

The  cerebrospinal  nervous  system  consists  of  the  brain,  which  very  nearly 
completely  fills  the  cranial  cavity,  and  the  spinal  cord  or  spinal  marrow,  which  only 
partially  fills  the  vertebral  canal.  These  are  continuous  with  each  other,  and  together 
constitute  the  cerebrospinal  axis.  Attached  to  the  brain  and  spinal  cord  are  the 
numerous  nerves  which  bring  the  various  parts  of  the  body  into  connexion  with  the 
central  nervous  axis.  There  are  thirty-one  pairs  of  symmetrically  disposed  spinal 
nerves  attached  to  the  sides  of  the  spinal  cord.  Each  of  these  nerves  is  connected 
to  the  side  of  the  cord  by  a  ventral  or  anterior  and  a  dorsal  or  posterior  root,  and 
the  dorsal  root  is  distinguished  by  presenting  a  distinct  oval  swelling,  termed  a 
spinal  ganglion,  on  that  part  of  its  course  immediately  internal  to  the  place  where 
the  two  roots  unite  to  form  the  spinal  nerve-trunk  (Fig.  365,  p.  453). 

The  cranial  nerves  are  twelve  in  number  on  each  side,  but  one  only  (viz.  the 
fifth  or  trigeminal)  presents  a  double-rooted  attachment  similar  to  a  spinal  nerve 
Several,  however,  possess  ganglia  in  every  respect  comparable  with  the  ganglia  on 
the  dorsal  roots  of  the  spinal  nerves.  These  are  the  fifth  or  trigeminal,  the  seventh 
or  facial,  the  eighth  or  auditory,  the  ninth  or  glosso-pharyngeal,  and  the  tenth  or 
vagus  cranial  nerves. 

CEEEBROSPINAL  NEKVOUS  SYSTEM. 

The  brain  and  spinal  cord  are  composed  of  two  substances  which  present  a 
different  appearance  to  the  eye,  and  which  are  distinguished  by  the  terms  white 
matter  and  gray  matter.  The  difference  in  colour  between  these  two  substances 
depends  not  only  upon  the  different  elements  which  enter  into  their  formation,  but 
also  upon  the  fact  that  the  gray  matter  is  the  more  vascular  of  the  two.  The 
white  matter  is  chiefly  composed  of  nerve-fibres,  whilst  the  essential  constituents 
of  the  gray  matter  are  nerve-cells  which  give  origin  to  nerve-fibres.  An  all  per- 
vading matrix  termed  the  neuroglia  forms  the  bed  in  which  the  nerve-fibres  and 

443 


444 


THE  NERVOUS  SYSTEM. 


nerve-cells  lie,  and  is  present  both  in  the  gray  and  the  white  matter.  The  elements, 
therefore,  which  constitute  nervous  tissue  are  nerve-cells,  nerve-fibres,  and  neuroglia. 

Nerve-fibres. — Nerve-fibres  arranged  in  bundles  of  greater  or  less  bulk  form 
the  nerves  which  pervade  every  part  of  the  body.  They  also  constitute  the  greater 
part  of  the  brain  and  spinal  cord.  Nerve-fibres  are  the  conducting  elements  of  the 
nervous  system ;  they  serve  to  bring  the  nerve-cells  into  relation  both  with  each 
other  and  with  the  various  tissues  of  the  body. 

There  are  different  varieties  of  nerve-fibres,  but  in  all  the  leading  and  essential 
constituent  is  a  delicate  thread-like  band,  termed  the  axis-cylinder.  The  difference 
between  individual  fibres  depends  upon  the  fact  that  in  some  cases  the  axis-cylinder 
becomes  invested  by  one  or  two  coats,  whilst  in  other  cases  it  remains  naked.  When 
the  axis-cylinder  is  coated  on  the  outside  by  a  more  or  less  thick  sheath  of  a  fatty 
substance  termed  myelin,  it  is  said  to  be  a  myelinated  or  medullated  fibre.  When  the 
coating  of  myelin  is  absent,  the  fibre  is  termed  a  non-myelinated  or 
a  non- medullated  fibre.  A  second  sheath — thin,  delicate,  and 
membranous,  and  placed  externally — may  also  be  present  in  both 
cases.  It  is  termed  the  primitive  sheath  or  the  neurolemma.  From 
a  structural  point  of  view,  therefore,  four  different  forms  of  nerve- 
fibre  may  be  recognised  : — 


Axis 
'cylinder 


Myelin 


Primitivt 
sheath 


Noii-medullated 


Medullated 


Naked  axis-cylinders. 
Axis-cylinders  with  primitive  sheaths. 
Primitive  sheath  absent. 
Primitive  sheath  present. 


Every  nerve- fibre  near  its  origin  and  as  it  approaches  its  termination 
is  unprovided  with  sheaths  of  any  kind,  and  is  simply  represented 
by  a  non -medullated  naked  axis  -  cylinder.  The  fibres  of  the 
olfactory  nerves  afford  us  an  example  of  non-medullated  fibres 
furnished  with  a  primitive  sheath. 

Medullated  fibres  are  present  in  greater  quantity  in  the  cerebro- 
spinal system  than  non-medullated  fibres.  Thus  all-  the  nerves 
attached  to  the  brain  and  cord,  with  the  exception  of  the  olfactory 
and  optic,  are  formed  of  medullated  fibres  provided  with  a  primitive 
sheath ;  whilst  the  entire  mass  of  the  white  substance  of  the  brain 
and  cord,  and  also  the  optic  nerves,  are  formed  of  medullated  fibres 
devoid  of  a  primitive  sheath. 

It  is  important  to  note  that  the  distinction  between  the  medul- 
lated and  non-medullated  fibres  is  not  one  which  exists  throughout 
all  stages  of  development.    As  will  be  presently  pointed  out,  every 
fibre  is  a  direct  outgrowth  from  a  cell,  and  in  the  first  instance  it  is 
not  provided  with  a  medullary  sheath.     Indeed,  it  is  not  until 
about  the  fifth  month  of  foetal  life  that  those  fibres  which  are  to 
form  the  white  substance  of  the  cerebrospinal  axis  begin  to  acquire 
Fig.  353.       their  coating  of  myelin.    Further,  this  coating  appears  in  the  fibres 
Nerve-fibre     of  different  strands  or  tracts  at  different  periods,  and  a  knowledge 
^^^KtimTeir^"^  of  this  fact  has  enabled  the  anatomist  to  follow  out  the  connexions 
of  the  tracts  of  fibres  which  compose  the  white  matter  of  the 
brain  and  cord. 

But  it  may  be  asked :  How  does  a  nerve-fibre  arise  and  how  does  it  end  ? 
Every  fibre  is  directly  continuous  by  one  extremity  with  a  nerve-cell,  whilst  its 
opposite  extremity  breaks  up  into  a  number  of  ramifications,  all  of  which  end 
freely  in  relation  to  another  nerve-cell,  or  in  relation  to  certain  tissues  of  the  body, 
as,  for  example,  to  muscle-fibres  or  to  the  epithelial  cells  of  the  epidermis.  The 
length  of  nerve-fibres,  therefore,  varies  very  greatly.  Some  fibres  are  short  and 
merely  bring  two  neighbouring  nerve-cells  into  relation  with  each  other :  others 
travel  long  distances.  Thus  a  fibre  arising  from  one  of  the  motor  cells  of  the  lower 
end  of  the  spinal  cord  may,  after  leaving  the  cord,  extend  to  the  most  outlying 
muscle  in  the  sole  of  the  foot  before  it  reaches  its  destination.  But  even  when  a 
fibre  does  not  leave  the  central  axis  a  great  length  may  be  attained,  and  cells 
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situated  in  the  motor  area  of  the  cortex  of  the  cerebrum  give  origin  to  fibres  which 
pass  down  to  the  lower  end  of  the  cord. 

Physiologists  classify  the  fibres  which  form  the  nerves  into  two  sets,  afferent 
and  efferent.  Afferent  nerve-fibres  conduct  the  impulse  of  impressions  from  the 
peripheral  organs  into  the  central  nervous  system  ;  and  as  a  change  of  consciousness, 
or,  in  other  words,  a  sensation  is  a  frequent  result,  these  fibres  are  often  called 
sensory.  Efferent  nerve-fibres  carry  impulses  out  from  the  brain  and  cord  to  peri- 
pheral organs.  The  majority  of  these  fibres  go  to  muscles  and  are  termed  motor  \ 
others,  however,  go  to  glands  and  are  called  secretory ;  whilst  some  are  inJiibitory 
and  serve  to  carry  impulses  which  restrain  or  check  movement  or  secretion.  As 
previously  stated, 
the  spinal  nerves  are 
each  attached  to  the 
cord  by  a  ventral  or 
anterior  root,  and  a 
dorsal  or  posterior 
root ;  the  fibres  com- 
posing the  former 
are  efferent ;  whilst 
the  fibres  of  the 
posterior  root  are 
almost  entirely 
afferent. 

Nerve  -  cells.  — 
The  nerve-cells  con- 
stitute the  active 
and  all-essential 
elements  of  nerve- 
tissue.  At  the  very 
start  it  is  necessary 
to  draw  a  broad 
distinction  between 
the  ganglionic  cells, 
which  are  found  in 
the  spinal  ganglia, 
and  the  cells  which 
are  so  plentifully 
scattered  through 
the  gray  matter  of 
the  brain  and  cord. 
They  differ  not  only 
in  their  mode  of 
origin  and  in  their 
subsequent  develop- 
ment, but  also  in  the  connexions  of  the  nerve-fibres  to  which  they  give  origin. 

Nerve-cells  of  the  Brain  and  Cord. — The  cells  in  the  gray  matter  of  the 
cerebrospinal  axis  are  variable  both  in  size  and  form.  Some  are  relatively  large, 
as,  for  example,  certain  of  the  pyramidal  cells  of  the  cerebral  cortex  and  the  motor 
cells  in  the  gray  matter  of  the  cord,  which  almost  come  within  the  range  of  unaided 
vision ;  others  are  exceedingly  minute,  and  require  a  high  power  of  the  microscope 
to  bring  them  into  view.  The  cell  consists  of  *a  protoplasmic  nucleated  body,  from 
which  certain  processes  proceed.  One  process  is  termed  the  axis-cylinder  process  or 
axon ;  and  as  a  rule  it  is  easily  distinguished  from  the  others,  which  are  collectively 
called  the  protoplasmic  processes  of  Deiters,  or  the  dendrites. 

The  axon  presents  a  uniform  diameter  and  a  smooth  and  even  outline.  It  gives 
off  in  its  course  fine  collateral  branches,  but  does  not  suffer  thereby  any  marked 
diminution  in  its  girth.  The  most  important  point  to  note  in  connexion  with  the 
axon,  however,  is  the  fact  that  it  becomes  continuous  with  the  axis-cylinder  of  a 
nerve -fibre.    The  significance  of  this  is  obvious,  and  will  become  more  striking 


Fig.  354. 


-Three  Nerve-Cells  prom  the  Anterior  Horn  of  Gray 
Matter  op  the  Human  Spinal  Cord. 
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when  the  development  of  the  nerve-cells 
is  studied.  The  axon  then  is  simply  a 
nerve-fibre,  and  in  certain  circumstances  it 
assume^,  as  already  stated,  one  or  two 
investing  sheaths.  The  axon  may  run  its 
entire  course  within  the  substance  of  the 
brain  or  cord  either  for  a  short  or  a  long 
distance,  or  it  may  emerge  from  the  brain 
or  cord  in  one  of  the  cranial  or  spinal 
nerves  as  the  essential  part  of  an  efferent 
nerve -fibre,  and  run  a  variable  distance 
before  it  finally  reaches  the  peripheral 
structure  in  relation  to  which  it  ends.  The 
axon  and  the  collaterals  which  spring  from 
it  terminate  either  in  small  button-like 
swellings  or  knobs,  or  more  frequently  in 
terminal  arborisations,  the  extremities  of 
which  are  free  and  are  furnished  with  ex- 
ceedingly small  terminal  varicosities.  In 
those  cases  where  the  axon  or  its  collaterals 
end  within  the  brain  or  cord,  some  of  the 
terminal  arborisations  interlace  with  the 
dendrites  of  nerve-cells,  whilst  others  are 
twined  around  the  bodies  of  other  cells. 
In  the  latter  case  the  interlacement  may 
be  so  close  and  complete  that  it  almost 
presents  the  appearance  of   an  enclosing 


Fig.  355. — Two  Multipolar  Nerve- 
Cells,  from  a  specimen  prepared 
by  the  Golgi  method. 


basket  -  work.  In  cases 
where  the  axon  emerges 
from  the  cerebrospinal  axis 
its  terminal  arborisation 
ends  in  relation  to  a  muscle- 
fibre  or  some  other  tissue 
in  the  manner  already  re- 
ferred to.  In  all  cases, 
however,  it  would  appear 
that  the  terminal  branches 
of  the  axon,  no  matter  how 
complicated  the  connexion 
may  seem,  are  free,  and 
that  the  connexion  is 
simply  one  of  contact  or 
contiguity,  and  not  one  of 
continuity. 

Held  maintains  that, 
although  at  first  the  terminal 
arborisations  of  an  axon  are 
quite  free,  in  the  process  of 
growth  and  development  they 
exhibit  a  tendency  to  become 
fused  with  the  dendrites  and 
even  the  bodies  of  other 
nerve-cells. 


Fig.  356.  —  Nerve-Cell  from  Cerebellum  (Cell  of  Pdekinje) 

SHOWING  THE  BRANCHING   OF    THE    DeNDRITIC    PROCESSES  (from 

a  lantern  slide  by  Professor  Symington). 
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The  dendrites,  or  protoplasmic  processes  of  the  nerve-cell,  are  thicker  than  the 
axon,  and  present  a  rough -edged  irregular  contour.  They  divide  into  numerous 
branches,  and  these  gradually,  as  they  pass  from  the  cell-body,  become  more  and 
more  attenuated  until  they  finally  end  in  free  extremities.  The  branching  of  the 
dendritic  processes  sometimes  attains  a  marvellous  degree  of  complexity  (Fig.  356), 
but  except  in  exceptional  circumstances,  there  is  no  anastomosis  between  the 
dendrites  of  neighbouring  cells,  or  between  the  dendrites  of  the  same  cell.  •  It 
would  appear,  therefore,  that  nothing  in  the  shape  of  a  network  is  formed  by  these 
processes. 

In  the  chapter  upon  Embryology  it  has  been  shown  that  in  the  early  condition 
of  the  cerebrospinal  axis  the  brain  and  cord  consist  simply  of  a  tube  (p.  21).  The 
wall  of  this  tube  is  formed  of  a  single  layer  of  tall  columnar  neuro-epithelial  cells. 


MID-DORSAL  LAMINA 


MiD-VENTRAL  LAMINA 


Fig.  357. — Transverse  Section  through  the  early  Neural 
Tube,  diagrammatically  represented  (Alfred  H.  Young). 

The  left  side  of  the  section  exhibits  an  earlier  stage  of 
development  than  the  right  side. 


Fig.  358. —The  Developmental 
Stages  exhibited  by  a  pyra- 
midal Cell  op  the  Brain  (after 
Earn  on  y  Cajal). 

a,  Neuroblast  with  rudimentary 
axon,  but  no  dendrites  ;  h  and  c, 
The  dendrites  beginning  to  sprout 
out  ;  d  and  e,  Further  develop- 
ment of  the  dendrites  and  ap- 
pearance of  collateral  branches 
on  the  axon. 


and  in  its  deepest  or  most  internal  part  large  round  cells  make  their  appearance 
in  the  intervals  between  the  epithelial  columns.  These  new  cells  are  termed  the 
germinal  cells,  and  from  them  the  nerve-cells  are  derived.  They  are  present  in 
considerable  numbers,  and  towards  the  fourth  week  of  embryonic  life  they  form  an 
almost  continuous  layer.  Although  these  cells  ultimately  become  nerve-cells  they 
are  absolutely  without  processes  in  their  early  state,  and  therefore  at  this  period, 
although  there  is  a  nervous  system,  there  are,  as  His  remarks,  no  nerves.  In 
course  of  time,  and  as  the  wall  of  the  neural  tube  thickens,  the  germinal  cells 
begin  to  migrate  in  an  outward  direction.  They  leave  the  deep  part  of  the  wall 
of  the  neural  tube  and  proceed  to  take  up  the  positions  they  occupy  in  the  gray 
matter  of  the  cord  and  brain  of  the  adult.  These  migrating  cells  assume  a  pyriform 
shape,  and  are  termed  neuroblasts.  The  drawn-out  portion  or  stalk  of  the  pear- 
shaped  neuroblast  represents  the  early  axon,  and  this  continues  to  grow  and  increase 
in  length  until  it  ultimately  attains  the  terminal  relations  characteristic  of  the 
adult.  The  study  of  embryology  presents  few  more  remarkable  phenomena  than  the 
manner  in  which  this  axon  grows  out,  and,  in  the  efferent  nerve-fibres,  emerges 
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from  the  central  axis,  and  yet  pursues  its  allotted  path  with  the  most  unerring 
exactitude  and  precision  until  it  ultimately  reaches'  the  nerve-cell  or  the  peripheral 
tissue  element  with  which  it  becomes  associated.  The  growing  point  of  both  it 
and  its  collaterals  is  slightly  bulbous,  and  it  is  out  of  this  that  the  terminal 
arborisation  is  formed. 

This  conception  in  regard  to  the  outgrowth  of  the  axon  in  the  case  of  the  peripheral 
nerve-fibres  has  not  been  allowed  to  pass  unchallenged,  and  it  must  be  admitted  that 
certain  facts  recently  observed  militate  against  it. 

Whatever  opinion  may  be  held  in  regard  to  the  developmental  origin  of  the  axis- 
cylinder  and  medullary  sheath  of  a  peripheral  nerve-fibre,  there  is  every  reason  for  the 
belief  that  the  neurolemma  is  mesodermic  in  its  origin,  and  is  therefore  formed  from  cells 
outside  the  ectodermic  neural  tube.  There  are  some  who  think  that  the  axis-cylinder  is 
secreted  in  situ  by  a  chain  of  these  cells,  whilst  others  consider  that  the  mesoblastic  cells 
of  a  nerve-fibre  merely  constitute  a  cellular  tube  through  wdiich  the  growing  axon  worms 
its  way  to  its  destination,  and  perhaps  also  supply  the  pabulum  necessary  for  its  growth. 

The  dendritic  processes  of  the  nerve-cell  appear  at  a  later  period  than  the  axon. 
The  surface  of  the  neuroblast  becomes  rough  and  then  somewhat  spiny.  By  the 
growth  and  subdivision  of  these  spiny  projections  the  dendrites  are  formed.  As 
His  remarks,  the  nerve-cell  is  therefore  the  genetic  centre  from  which  all  the  parts 
of  a  nervous  element  proceed. 

It  must  now  be  clear  that  each  nerve-cell  is  a  unit  which  is  separate  and  distinct 
from  the  nerve-cells  which  lie  around  it.  Further,  it  is  obvious  that  it  is  wrong  to 
consider  the  nerve-cell  as  something  apart  from  the  nerve-fibre.  The  nerve-cell 
with  its  dendrites  and  axon,  however  wide-spreading  these  processes  may  be, 
constitutes  an  independent  system  to  which  the  term  neuron  is  applied,  and 
the  only  relation  which  it  has  with  other  neurons  or  with  peripheral  tissues  is  one 
of  contact. 

Ganglionic  Nerve-Cells. — The  ganglionic  neurons  found  in  the  ganglia  of  the 
cranial  nerves  and  in  the  ganglia  on  the  dorsal  roots  of  the  spinal  nerves  have  a 
different  origin,  and  present  many  points  of  contrast  with  neurons  in  the  gray  matter 
of  the  brain  and  cord.  As  already  indicated  in  the  chapter  on  Embryology  (p.  21) 
the  ganglia  in  question  are  derived  from  the  neural  crest.  The  cells  forming  these 
ganglionic  masses  are  somewhat  oval  in  form,  and  from  either  extremity  or  pole  a 
process  grows  out,  and  the  neurons  in  this  manner  become  bipolar.  These  processes 
are  distinguished  as  central  and  peripheral,  according  to  the  direction  which  they 
take.  The  central  processes  grow  inwards,  and  penetrate  the  wall  of  the  neural 
tube.  In  the  region  of  the  spinal  cord  they  form  almost  the  whole  of  the  fibres 
which  enter  into  the  composition  of  the  dorsal  roots  of  the  spinal  nerves.  In  the 
substance  of  the  cerebrospinal  axis  they  give  off  numerous  collaterals,  and  after  a 
course  of  varying  extent  they  end,  after  the  manner  of  an  axon,  in  terminal 
arborisations,  which  enter  into  relationships  of  contact  with  certain  nerve-cells  in 
the  cerebrospinal  axis.  The  peripheral  processes  grow  outwards  along  the  path  of 
the  particular  nerve  with  which  they  are  associated,  and  they  finally  establish 
peripheral  contact  relations.  Thus,  to  take  one  example  :  the  majority  of  the  fibres 
which  go  to  the  skin  break  up  into  fine  terminal  filaments,  which  end  freely 
between  the  epithelial  cells  of  the  epidermis.  The  two  processes  of  a  ganglion  cell, 
therefore,  form  the  afferent  fibres  of  the  cerebrospinal  nerves,  and  constitute  the 
path  along  which  the  influence  of  peripheral  impressions  is  conducted  towards  the 
brain  and  cord.  The  body  of  the  cell  is  as  it  were  interposed  in  the  path  of  such 
impulses. 

But  the  original  bipolar  character  of  these  cells,  with  very  few  exceptions 
(ganglia  in  connexion  with  the  auditory  nerve  and  the  bipolar  nerve-cells  in  the 
olfactory  mucous  membrane),  gradually  undergoes  a  change  which  ultimately  leads 
to  their  transformation  into  unipolar  cells.  This  is  brought  about  by  the  tendency 
which  the  cell-body  has  to  grow  to  one  side,  viz.  the  side  towards  the  surface  of  the 
ganglion  (v.  Lenhossek).  This  unilateral  growth  leads  to  a  gradual  approxima- 
tion of  the  attached  ends  of  the  processes,  and  finally  to  a  condition  in  which  they 
appear  to  arise  from  the  extremity  of  a  short  common  stalk  in  a  T-shaped  manner 
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(Fig.  360).     It  is  interesting  to  note  that  in  certain  fish  the  original  bipolar 
condition  of  these  cells  is  retained  throughout 
life  without  change. 

Both  the  central  and  peripheral  processes 
of  these  ganglionic  cells  become  the  axis- 
cylinders  of  nerve- fibres,  which,  acquiring  a 
medullary  sheath,  belong  therefore  to  the 
medullated  variety.  From  this  it  might  very 
naturally  be  thought  that  the  ganglionic 
neuron,  with  its  two  axons  and  no  typical 
dendrites,  is  a  nervous  unit  very  different 
from  a  neuron  in  the  gray  matter  of  the 
cerebrospinal  axis.  It  is  believed  by  some, 
however  (van  Gehuchten  and  Cajal),  that  the 
peripheral  process,  in  spite  of  its  enclosure 
within  a  medullary  sheath,  and  though  pre- 
senting all  the  characters  of  a  true  axon,  is  in 
reality  a  dendrite.  If  this  be  the  case,  the 
morphological  difference  between  a  dendrite 
and  an  axon  disappears,  and  van  Gehuchten's 
functional  distinction  alone  remains  character- 
istic, viz.  that  the  axon  is  cellulifugcd  and 
conducts  impulses  away  from  the  cell,  whilst 
the  dendrites  are  cellulipetal  and  conduct  im- 
pulses towards  the  cell. 

In  the  foregoing  brief  account  of  tlie  elements  wliicli 
build  up  tlie  nervous  system,  the  neuron  doctrine,  as  it 
has  been  enunciated  by  Waldeyer,  has  been  followed. 
The  observations  of  Eamon  y  Cajal  and  His  form 
the  foundation  uj^on  which  this  doctrine  mainly  rests, 
although  it  should  not  be  forgotten  that  many  other 
anatomists,  amongst  whom   may  be   mentioned  v. 

Kolliker,  van  Gehuchten,  and  v.  Lenhossek,  have  by  i.  Collateral  branches  of  "central  process  "of  gan 
their  investigations  greatly  strengthened  the  concep-         i\\^nlT nerve 
tion.    Two  primary  considerations  may  be  considered 

to  constitute  its  leading  sujDport :  (1)  the  absolute 
independence  of  the  early  nerve-cell  or  neuroblast 
and  its  processes,  as  was  first  clearly  shown  by  His ; 
(2)  the  fact  that  when  nerve  tissue  is  treated  by  the 
Golgi  method  or  by  the  vital  methylene  blue  method 
no  continuity  of  any  kind  can  be  observed  between 
neighbouring  cells,  although  the  processes  of  the  cells 
can  apparently  be  traced  to  their  ultimate  divisions. 
Further,  it  should  be  noted  that  the  neuron  doctrine 
receives  strong  support  from  i3athological  observa- 
tions, and  that  before  it  assumed  concrete  form  ideas 
of  a  somewhat  similar  kind  were  present  in  the 
minds  of  jiathologists. 

Still  the  neuron  theory  is  not  accepted  by  several 
leading  Histologists.  Apathy,  Nissl,  and  Bethe  at 
the  present  moment  form  a  jDowerful  combination 
against  it.  It  is  therefore  necessary  to  indicate  the 
views  entertained  by  these  observers. 

More  than  thirty  years  ago  Max  Schultze  called 
attention  to  the  fact  that  the  axis  -  cylinder  of  a 
nerve-fibre  is  composed  of  exceedingly  fine  fibrils  ^ 
which,  when  traced  to  the  cell  from  which  the 
fibre  takes  origin,  are  there  seen  to  enter  the  cell- 
body  and  spread  out  within  it.  By  more  delicate 
methods  of  research,  Apathy  and  Bethe  have  been 
able  to  place  this  early  observation  of  Schultze 
Fig.  360. -Three  Stages  in  the  Development  ^fJ^^^  the  realm  of  doubt.  Apathy,  who  worked 
OF  A  Cell  from  a  Spinal  Ganglion.        chiefly  at  the  invertebrate  nervous  system,  not  only 

traced  the  neuro-fibrillse  through  the  cell -body  but 

^  It  may  be  mentioned  that  Kemak,  the  discoverer  of  the  axis-cylinder  in  1838,  stated  that  it  was  finely 
striated  in  the  longitudinal  direction. 
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Fig.  359. — Diagram  of  the  Connexion  estab- 
lished BY  A  Ganglionic  and  a  Motor 
Neuron  (Ramon  y  Cajal). 

A.  Fibre  coming  down  from  a  pyramidal  cell  in  the 

motor  area  of  the  cerebral  cortex. 

B.  Motor  cell  in  gray  matter  of  spinal  cord. 

C.  Muscle-fibres. 

D.  Collateral  branch  from  the  pyramidal  fibre. 

E.  Cell  in  the  medulla  oblongata  sending  its  axon 

upwards  to  the  cerebral  cortex. 

F.  Cells  in  the  spinal  ganglion. 

G.  Peripheral  process  of  ganglionic  cell  ending  in  skin. 
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into  all  its  processes,  and  he  believes  that  he  has  been  able  to  follow  them  beyond  these  into  a 
delicate  fibrillar  interlacement  which  constitutes  a  bond  of  union  between  all  the  nerve-cells  of  the 
nervous  system.  Bethe's  observations  have  been  carried  out  in  vertebrates.  Two  illustrations  from 
his  book  are  reproduced  in  Fig.  361.  The  cell  represented  in  A  is  from  the  gray  matter  of  the 
anterior  horn  of  the  human  s^^inal  cord,  and  the  relation  presented  by  the  neuro-fibrils  within  the 
cell  and  to  its  various  processes  are  very  clearly  depicted.  The  axon  ajDpears  to  receive  a  con- 
tribution of  neuro-fibrillcB  from  all  the  clendritic  processes  ;  this,  according  to  Bethe,  is  character- 
istic of  the  great  majority  of  nerve-cells.  In  the  cells  indicated  by  the  letter  B,  which  are  from 
the  cerebral  cortex  of  man,  it  will  be  noticed  that  the  axons  as  they  leave  the  cell  become  ex- 
ceedingly fine  and  delicate,  and  the  neuro-fibrillse  which  compose  them  are  so  closely  packed 
together  that  all  trace  of  their  individual  existence  disappears.  When  the  medullary  sheath 
is  assumed  by  the  fibre  the  neuro-fibrill^e  of  the  axis-cylinder  again  become  apparent. 


A  B 
Fig.  361. — Nerve  Cells  as  depicted  by  Bethe. 


A,  A  cell  from  the  anterior  horn  of  gray  matter  of  the  spinal  cord  of  man.  ■ 

B,  Two  cells  from  the  human  cerebral  cortex. 

In  vertebrates  Bethe  has  not  been  able  to  trace  the  neuro-fibrils  into  an  all-j^ervading 
fibrillar  network  such  as  Apathy  has  described  as  binding  the  various  nerve  elements  together  in 
the  invertebrates,  but  he  has  followed  them  into  the  finest  of  the  dendritic  branchings,  and  he 
assumes  that  the  connecting  network  exists  in  the  higher  as  well  as  in  the  lower  members  of  the 
animal  kingdom. 

This  conception  of  the  structure  of  the  axon  renders  the  giving  off  by  the  nerve-fibre  of 
collateral  branches  and  also  its  terminal  splitting  or  arborisation,  matters  which  can  be  the  more 
easily  understood. 

On  the  strength  of  the  observations  detailed  above.  Apathy,  Bethe,  and  Nissl,  all  of  whom  are 
authorities  who  deserve  the  highest  degree  of  attention,  have  assailed  the  neuron  theory. 
Apathy  has  advanced  the  hypothesis  that  the  all-pervading  fibrillar  interlacement,  which  streams 
continuously  throughout  the  whole  nervous  system,  and  is  found  not  only  in  the  cell  and  its 
processes  but  also  in  the  form  of  a  connecting  network  outside  the  cells,  is  the  essential  part 
of  the  nervous  system  and  not  the  so-called  independent  neurons  of  the  neuron  theory.  It  is 
also  contended  that  axons  or  axis-cylinders  may  arise  in  two  ways  :  (1)  directly  from  the  nerve- 
cells  ;  (2)  indirectly  from  the  neuro-fibrillar  network  between  the  nerve-cells. 

In  a  striking  address  recently  delivered  l)y  Professor  Waldeyer  to  the  Royal  Society  of  Edin- 
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burgh  the  essential  points  of  the  neuron  doctrine  were  vigorously  maintained  and  several  new 
preparations  by  Eamon  y  Cajal  and  Beilschowsky  were  demonstrated.  In  the  latter  the  neuro- 
nbrilla3  were  seen  to  enter  the  cell-body,  sjjread  out  and  break  up  into  a  plexus  within  it,  but 
none  could  be  detected  pursuing  an  uninterrupted  course  right  through  the  cell  and  then  passing 
out  from  it. 

As  Edinger  remarks,  investigation  in  the  immediate  future  will  be  largely  concerned  in  the 
attempt  to  further  elucidate  the  following  questions  :  (1)  Are  the  connexions  between  neurons 
merely  those  of  contact  ?  (2)  Do  the  fibres  which  proceed  from  one  cell  fuse  with  the  constituent 
parts  of  another  neuron  ?  (3)  Do  the  neuro-fibrillse  form  an  inter-connecting  network  between 
the  nerve-cells,  and  do  axons  or  axis-cylinders  arise  from  such  a  network  ?  It  is  questionable 
even  if  the  last  two  of  these  queries  are  answered  more  or  less  in  the  affirmative  whether  it  will 
be  necessary  to  abandon  the  essential  23oints  in  the  neuron  theory. 

Since  the  foregoing  has  been  printed  an  instructive  monograph  on  the  subject  has  been 
published  by  Professor  Gustaf  Eetzius  ("  Punktsubstanz  '  Nervoses  Grau '  und  Neuronenlehre," 
Biologische  IJntersucliungen,  Neue  Folge,  xii.). 

Neuroglia. — The  neuroglia  is  the  supporting  tissue  of  the  cerebrospinal  axis. 
It  may  be  considered  to  include  two  different  forms  of  tissue,  viz.  the  lining 
ependymal  cells  and  the  neuroglia  proper.  We  place  these  under  the  one  heading, 
seeing  that  in  all  probability  they  both  have  a  common  developmental  origin. 

The  ependymal  cells  are  the  columnar  epithelial  cells  which  line  the  central 
canal  of  the  spinal  cord  and  the  ventricles  of  the  brain.  In  the  embryonic  condi- 
tion a  process  from  the  deep  extremity  of  each  cell  traverses  the  entire  thickness 
of  the  neural  wall  and  reaches  the  surface.  It  is  not  known  whether  this  process 
exists  in  the  adult. 

The  neuroglia  proper  is  present  in  both  the  white  and  the  gray  matter  of  the 
cerebrospinal  axis.  It  constitutes  an  all- 
pervading  basis  substance,  in  which  the 
various  nerve  elements  are  embedded  in 
such  a  way  that  they  are  all  bound  together 
into  a  consistent  mass  and  are  yet  all  sever- 
ally isolated  from  each  other.  Neuroglia 
consists  of  cells  and  fine  filaments.  The 
fibrils  are  present  in  enormous  numbers, 
and  by  their  interlacements  they  constitute 
what  appears  to  be  a  fine  feltwork.  At  the 
points  where  the  fibrils  intercross  may  be 
seen  the  flattened  glial  cells.  Whilst  the 
neuroglia  is  for  the  most  part  intimately 
intermixed  with  the  nerve  elements,  there 
are  in  both  brain  and  cord  certain  localities 
where  it  is  spread  out  in  more  or  less  pure 
layers.  Thus  upon  the  surface  of  the  brain 
and  of  the  spinal  cord  there  is  such  a  layer ; 
likewise  beneath  the  epithelial  lining  of  the 
central  canal  and  of  the  cavities  of  the  brain 
there  is  a  thin  stratum  of  neuroglia. 

The  ependymal  cells  are  derived  from 
the  original  neuro- epithelial  cells  of  the 
early  neural  tube,  and  in  all  probability 
the  neuroglia  proper  has  a  similar  origin.    They  both,  therefore,  are  products  of  the 
ectoderm. 

Summary. — 1.  The  cerebrospinal  nervous  system  is  composed  of  two  parts,  viz. 
{a)  a  medullary  part,  consisting  of  the  brain  and  spinal  cord,  with  the  efferent  nerve- 
fibres  which  pass  out  from  them;  (&)  the  ganglionic  part,  with  the  afferent  nerve-fibres. 

2.  Each  of  these  parts  has  a  different  origin  and  is  composed  of  neurons  which 
possess  characteristic  features. 

3.  The  ganglionic  neurons  are  derived  from  the  primitive  cells  of  the  neural 
crest,  and  have  each  one  process  which  divides  into  two.  Of  these  the  central 
division  enters  the  cerebrospinal  axis  and  probably  represents  the  axon,  whilst  the 
peripheral  division,  which  becomes  connected  with  a  peripheral  part,  may  pro- 
visionally be  regarded  as  a  dendrite.    The  central  fibres  from  the  ganglionic  cells 


Fig.  362.  —  Section   through    the  Central 
Canal  of  the  Spinal  Cord  of  a  Human 
Embryo,  showing  Ependymal  and  NEute- 
OGLiAL  Cells  (after  v.  Lenhossek). 
A,  Ependymal  cell.  B,  Neuroglial  cell. 
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in  the  region  of  the  cord  form  the  dorsal  or  posterior  roots  of  the  spinal  nerves. 
These  roots  have  thus  an  origin  outside  the  cord,  and  grow  into  its  substance  in 
the  process  of  development  in  the  same  manner  that  the  roots  of  a  plant  strike 
into  the  soil. 

4.  The  cerebrospinal  neurons  are  derived  from  the  germinal  cells  in  the  wall 
of  the  early  neural  tube.  Certain  of  these  furnish  efferent  nerve-fibres,  which 
issue  from  the  cord  in  separate  bundles  termed  the  anterior  or  ventral  roots  of  the 
spinal  nerves.  In  the  case  of  the  cranial  nerves,  however,  with  the  exception  of 
the  trigeminal  and  facial  nerves,  the  efferent  fibres  are  not  thus  separated  from  the 
afferent  fibres  at  their  attachment  to  the  brain. 

5.  The  brain  and  cord  when  studied  by  the  naked  eye  are  seen  to  be  composed 
of  white  matter  and  gray  matter.  The  white  matter  forms  very  nearly  two-thirds 
of  the  entire  cerebrospinal  axis.  It  is  composed  of  medullated  nerve -fibres 
embedded  in  neuroglial  tissue.  The  gray  matter  is  composed  of  nerve-cells  with 
their  dendrites  and  axons.  Some  of  the  axons  are  in  the  form  of  naked  axis 
cylinders,  whilst  others  have  a  coating  of  medulla.  Intimately  intermixed  with 
these  parts  is  the  neuroglia,  which  isolates  them  more  or  less  completely  from 
each  other. 

SPINAL  CORD. 


The  spinal  cord  is  that  part  of  the  cerebrospinal  axis  which  occupies  the  upper 
two-thirds  of  the  spinal  canal  of  the  vertebral  column.  It  is  an  elongated  cylin- 
drical structure,  slightly  flattened  in  front  and  behind,  which  extends  from  the 
margin  of  the  foramen  magnum  to  the  level  of  the  lower  border  of  the  body  of  the 

first  lumbar  vertebra  or  to  the  upper  border  of 
the  body  of  the  second  lumbar  vertebra.  Its 
average  length  in  the  male  is  45  cm.  and  in  the 
female  43  cm. 


Cerebral 


^  Mesen  eephalon 


Cerebellum 
Fourth  ventricle 


Medulla 


Cervical  swelling 
of  the  cord 


Lumbar  swelling 
of  the  cord 


Fig.  363. — Human  F(etus  in  the  Third 
Month  of  Development,  with  the 
Brain  and  Spinal  Cord  exposed 
FROM  behind. 


A  considerable  amount  of  variation  within  certain 
limits  (viz.  the  mid-point  of  the  body  of  the  last  dorsal 
vertebra  and  the  upper  border  of  the  body  of  the 
third  lumbar  vertebra)  is  observed  in  different  in- 
dividuals as  to  the  precise  level  at  which  the  spinal 
cord  ends  inferiorly,  and  in  the  female  there  would 
appear  to  be  a  tendency  for  the  cord  to  reach  a 
slightly  lower  point  in  the  canal  than  in  the  male. 
Further,  the  relation  presented  by  the  spinal  cord  to 
the  vertebral  column  differs  in  a  marked  degree  in  the 
foetus  and  infant  at  different  periods  of  development. 
Up  to  the  third  month  of  intrauterine  life  the  cord 
occupies  the  entire  length  of  the  spinal  canal  ;  it  ex- 
tends downwards  to  the  lowest  limit  of  the  canal.  But 
from  this  time  on,  as  growth  proceeds,  the  vertebral 
column  lengthens  at  a  more  rapid  rate  than  the  cord. 
The  spinal  cord,  therefore,  has  the  appearance  of 
shrinking  in  an  upward  direction  within  its  canal,  and 
at  birth  its  lower  end  is  usually  found  to  be  opposite 
the  body  of  the  third  lumbar  vertebra. 

The  attitude  assumed  by  the  individual  affects  to 
a  small  degree  the  position  of  the  lower  end  of  the 
cord.  Thus,  when  the  trunk  is  bent  well  forwards, 
it  is  noticed  that  the  terminal  part  of  the  cord  rises 
slightly  within  its  bony  canal. 


At  the  margin  of  the  foramen  magnum  the 
spinal  cord  becomes  continuous  with  the  medulla  oblongata  of  the  brain,  whilst 
below,  it  tapers  rapidly  to  a  point  and  forms  a  conical  extremity  termed  the  conus 
medullaris.  From  the  end  of  the  conus  medullaris  a  slender  glistening  thread  is 
prolonged  downwards  within  the  spinal  canal,  and  finally  anchors  the  spinal  cord 
to  the  back  of  the  coccyx.     This  prolongation  receives  the  name  of  the  filum 
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Coiius  niedullari 


Roots  of  third  lumbar 
nerve 


terminale.  The  diameter  of  the  cord  is  very  much  shorter  than  that  of  the  spinal 
canal  within  which  it  lies.  A  wide  interval 
is  left  between  its  surface  and  the  walls  of 
its  canal,  and  this  excess  of  space  is  clearly  a 
provision  for  allowing  free  movement  of  the 
vertebral  column  without  producing  any  jar- 
ring contact  between  the  delicate  spinal  cord 
and  the  surrounding  bones. 

Three  protective  membranes  are  wrapped 
around  the  cord.  From  within  outwards  these 
are  termed  (1)  the  pia  mater,  (2)  the  arachnoid 
mater,  and  (3)  the  dura  mater.  The  pia  mater 
is  a  fibrous  membrane  which  forms  the  im- 
mediate investment.  It  is  closely  applied  to 
the  cord,  and  from  its  deep  surface  numerous 
fine  septa  penetrate  into  the  substance  of  the 
cord.  The  arachnoid  mater  is  an  exceedingly 
delicate  transparent  membrane  which  is  loosely 
wrapped  around  the  cord  so  as  to  leave  a 
considerable  interval,  termed  the  subarachnoid 
space,  between  itself  and  the  pia  mater,  in  which 
there  is  always  a  varying  amount  of  cerebro- 
spinal fluid.  Outside  the  arachnoid  mater,  the 
dura  mater  forms  a  wide,  dense,  fibrous,  tubular 
sheath,  which  extends  downwards  within  the 
spinal  canal  for  a  considerable  distance  beyond 
the  conical  extremity  of  the  cord.  The  spinal 
cord  is  suspended  within  its  sheath  or  iheca  of 
dura  mater  by  two  lateral  wing-like  ligaments, 
termed  the  ligamenta  denticulata.  These  extend 
outwards  from  the  sides  of  the  cord  and  are 
attached  by  a  series  of  pointed  or  tooth-like 


Fjg.  364. — The  Conds  Mbdullaris  and  the 
FiLUM  Terminale  exposed  within  the 
Spinal  Canal. 
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processes  to  the  inner  surface  of 
the  theca  of  dura  mater.  Between  the  wall 
of  the  spinal  canal  and  the  dura  mater 
there  is  a  narrow  interval,  which  is  filled  up 
by  soft  areolo- fatty  tissue  and  numerous 
thin-walled  veins  arranged  in  a  plexiform 
manner. 

Thirty-one  pairs  of  spinal  nerves  arise 


First  lumbar 
tebra 


Dura  mater 


Arachnoidea 


Spinal  ganglion 


Anterior  primary 
division  of  nerve 
Posterior  primary 
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Fig.  365. — The  Roots  ok  Origin  of  the 
Seventh  Dorsal  Nerve  (semi -diagram- 
matic). 


 Conus 

\  Roots  of  first 

lumbar  nerve 
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Fig.  366. — Section  through  the  Conus  Medullaris  and 
the  Cauda  Equina  as  they  lie  in  the  Spinal  Canal. 


from  the  sides  of  the  spinal  cord.    These  are  classified  into  eiglit  cervical,  twelve 
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dorsal,  five  lumbar,  five  sacral,  and  one  coccygeal ;  and  according  to  the  attach- 
ments of  these  groups  of  nerves  the  spinal  cord  is  arbitrarily  subdivided  into 
cervical,  dorsal,  lumbar,  and  sacral  regions.  In  employing  these  terms,  therefore, 
for  different  districts  of  the  cord,  it  must  be  understood  that  the  regions  are  deter- 
mined by  the  nerve  attachments,  and  not  by  any  direct  relationship  between  these 
parts  of  the  cord  and  the  sections  of  the  vertebral  column  which  bear  the  same 
names. 

Each  spinal  nerve  is  attached  to  the  cord  by  a  ventral  and  a  dorsal  root,  and  as 
these  are  traced  to  their  central  attachments  they  are  seen  to  break  up  into  a 
number  of  separate  nerve  fascicles  or  bundles,  which  spread  out,  in  some  cases  very 
widely  from  each  other,  as  they  approach  the  side  of  the  cord  (Fig.  365).  Each 
pair  of  nerves  is  therefore  attached  to  a  portion  of  spinal  cord  of  some  length,  and 
such  a  portion,  with  its  pair  of  nerves,  receives  the  name  of  a  "  segment  of  the 
spinal  cord."  It  must  be  clearly  understood,  however,  that,  in  so  far  as  the  surface 
of  the  cord  is  concerned,  there  is  absolutely  no  means  of  marking  off  one  segment 
from  another,  except  by  the  nerve  attachments. 

In  tlie  cervical  and  lumbar  regions  of  tlie  cord  the  nerve-roots  are  soniewliat  crowded 
together,  so  that  little  or  no  interval  is  left  between  the  adjoining  root  fascicles  of  neighbouring 
nerves.  In  the  dorsal  region,  however,  distinct  intervals  may  be  observed,  and  the  root  fascicles 
are  more  loosely  arranged.  From  this,  it  will  be  evident  that  the  cord  segments  in  different  parts 
of  the  cord  are  not  of  equal  length.  In  the  cervical  region  the  segments  measure  about  12  mm. 
in  length,  in  the  dorsal  region  from  20  to  24  mm.,  and  in  the  luml^ar  region  about  10  mm.  The 
number  of  fascicles  which  attach  the  different  nerve -roots  to  the  cord  is  very  different  in 
different  nerves,  and  is  not  necessarily  the  same  in  the  same  nerve-root  in  different  individuals. 

Owing  to  the  great  difference  which  exists  between  the  length  of  the  spinal 
cord  and  the  length  of  the  vertebral  column,  the  farther  we  pass  down  the  greater 
the  distance  becomes  between  the  attachment  of  the  various  nerve-roots  to  the 
cord  and  the  invertebral  foramina  through  which  the  corresponding  nerves  leave 
the  spinal  canal.  The  lower  nerve-roots,  therefore,  have  to  traverse  the  spinal  canal 
for  a  considerable  distance  before  they  reach  their  apertures  of  emergence.  It  thus 
happens  that  the  nerve-roots  which  spring  from  the  lumbar  and  sacral  regions  of 
the  cord  attain  a  very  great  length  and  descend  vertically  in  the  lower  part  of 
the  spinal  canal  in  a  bunch  or  leash,  in  the  midst  of  which  lie  the  conus  medullaris 
and  the  filum  terminale.  This  great  bundle  of  nerve-roots  receives  the  appropriate 
name  of  the  cauda  equina. 

Enlargements  of  the  Cord. — Throughout  the  greater  part  of  the  dorsal  region, 
the  spinal  cord  presents  a  uniform  girth  and  a  very  nearly  circular  outline  when 
seen  in  transverse  section.  In  the  cervical  and  lumbar  regions,  however,  it  shows 
marked  swellings.  The  cervical  enlargement  (intumescentia  cervicalis)  is  the  more 
evident  of  the  two.  It  begins  very  gradually  at  the  upper  end  of  the  cord,  attains 
its  greatest  breadth  (12  to  14  mm.)  opposite  the  fifth  or  sixth  cervical  vertebra, 
and  finally  subsides  opposite  the  second  dorsal  vertebra.  To  this  portion  of  the 
cord  are  attached  the  great  nerves  which  supply  the  upper  limbs.  The  lumbar 
enlargement  (intumescentia  lumbalis)  begins  at  the  level  of  the  tenth  dorsal 
vertebra,  and  acquires  its  maximum  transverse  diameter  (11  to  13  mm.)  opposite 
the  last  dorsal  vertebra.  Below,  it  rapidly  tapers  away  into  the  conus  medullaris. 
To  the  lumbar  enlargement  are  attached  the  great  nerves  of  the  lower  limbs. 

These  enlargements  of  the  cord  are  associated  with  the  outgrowth  of  the  limbs.  In 
the  earlier  developmental  stages  of  the  spinal  cord  they  are  not  present,  and  they  only 
take  form  as  the  limbs  become  developed.  In  the  lower  mammalia  their  size  corresponds 
with  the  degree  of  development  of  the  limbs.  Thus,  in  the  long-armed  orang  and  gibbon, 
the  cervical  swelling  stands  out  with  a  remarkable  degree  of  prominence.  It  is,  however, 
interesting  to  note  that  although  in  the  cetacea  there  are  no  visible  hind-limbs,  there  is 
nevertheless  a  well-marked  lumbar  enlargement  of  the  cord. 

Fissures  and  Furrows  of  the  Cord. — When  cross-sections  of  the  spinal  cord 
are  made,  it  is  seen  to  be  a  bilateral  structure  which  is  partially  subdivided  into  a 
right  and  left  half  by  two  median  clefts — one  upon  the  anterior  and  the  other  upon 
the  posterior  aspect.  These  clefts  are  termed  the  antero-median  and  the  postero- 
median fissures,  and  they  extend  along  the  entire  length  of  the  cord.    At  the  same 
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time  it  must  be  noted  that  these  two  median  clefts  present  many  points  of  differ- 
ence. The  antero -median  fissure  (fissura  mediana  anterior)  is  for  the  greater  part  of 
its  length  much  shallower  than  the  postero-median  fissure. 
In  the  cervical  and  dorsal  regions  it  only  penetrates  for  a 
distance  corresponding  to  somewhat  less  than  a  third  of  the 
antero-posterior  diameter  of  the  cord.  Further,  the  antero- 
median cleft  is  much  the  wider  and  more  apparent  of  the 
two,  and  the  pia  mater  dips  down  into  it  and  forms  a  fold 
or  reduplication  within  it.  The  postero-median  fissure 
(fissura  mediana  posterior)  in  the  cervical  and  dorsal  regions 
penetrates  into  the  cord  until  it  reaches  a  point  somewhat 
beyond  its  centre.  It  is  extremely  narrow,  and  contains 
a  single  septum  which  is  derived  from  ependymal  and 
neuroglial  elements,  and  is  intimately  connected  with  the 
adjacent  sides  of  the  two  halves  of  the  cord,  between  which 
it  intervenes.  The  pia  mater,  which  invests  the  surface  of 
the  cord,  passes  continuously  over  the  postero-median  fissure 
and  sends  no  prolongation  of  any  kind  into  it.  In  the 
lumbar  region  of  the  cord  the  postero-median  fissure  becomes 
shallower,  whilst  the  antero- median  fissure  deepens,  and 
ultimately  in  the  lower  part  of  the  cord  the  two  fissures 
present  a  very  nearly  equal  depth. 

The  two  halves  of  the  cord,  which  are  marked  off  from 
each  other  by  the  median  fissures,  may  show  trifiing  differ- 
ences in  the  arrangement  of  the  parts  which  compose  them ; 
but  to  all  intents  and  purposes  they  are  symmetrical.  They 
are  joined  together  by  a  more  or  less  broad  band  or  com- 
missure, which  intervenes  between  the  two  median  fissures. 

An  inspection  of  the  surface  of  each  Jateral  half  of  the 
cord  brings  into  view  a  longitudinal  groove  or  furrow,  at 
some  little  distance  from  the  postero-median  cleft,  which 
extends  along  the  whole  length  of  the  cord.  Along  the 
bottom  of  this  groove  the  fascicles  of  the  posterior  nerve- 
roots  enter  the  cord  in  accurate  linear  order.  It  is  called 
the  postero-lateral  sulcus  (sulcus  lateralis  posterior).  There 
is  no  corresponding  furrow  on  the  forepart  of  each  lateral 
half  of  the  cord  in  connexion  with  the  emergence  of  the 
fascicles  of  the  anterior  nerve-roots.  These  fascicles  emerge 
irregularly  over  a  broad  strip  of  the  surface  of  the  cord, 
which  corresponds  in  its  width  to  the  thickness  of  the 
subjacent  extremity  of  the  anterior  horn  of  gray  matter. 

The  postero-lateral  groove  subdivides  each  lateral  half  of 
the  cord  into  a  small  posterior  column  (funiculus  posterior) 
and  a  much  larger  antero -lateral  column,  and  it  is  customary 
to  arbitrarily  map  off  the  latter  into  a  lateral  column 
(funiculus  lateralis)  and  an  anterior  column  (funiculus 
anterior)  by  a  line  corresponding  to  the  emergence  of  the 
outermost  fascicles  of  the  anterior  nerve-roots. 

In  the  cervical  region  a  distinct  longitudinal  groove 
may  be  observed  on  the  surface  of  the  posterior  column.  It 
is  placed  rather  nearer  to  the  postero-median  than  to  the 
postero-lateral  furrow,  and  as  it  is  traced  down  into  the 
dorsal  region  it  gradually  becomes  indistinct  and  finally 
disappears.  This  is  called  the  posterior  paramedian  groove, 
and  it  marks  on  the  surface  the  position  of  a  septum  of 
pia  mater  which  dips  into  the  cord  and  subdivides  the 
posterior  column  into  an  outer  part,  termed  the  funiculus 
cuneatus  or  the  column  of  Burdach,  and  an  inner  portion,  which  receives  the  name 
of  the  funiculus  gracilis  or  the  column  of  Goll. 
33  & 
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Fig.  367. — Diagram  op  the 
Spinal  Cord  as  seen 
from  behind. 

CVi  shows  the  level  of  the  1st 
cervical  vertebra  ;  CVv  of  the 
5th  cervical  vertebra ;  DVii 
of  the  '2nd  dorsal  vertebra  ; 
DVx  of  the  10th  dorsal  verte- 
bra ;  DVxii  of  the  12th  dorsal 
vertebra ;  LVii  of  the  2nd 
luinbar  vertebra. 
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Internal  Structure  of  the  Spinal  Cord. 


Column  of  GoU 


Posterior  column 


Column  of  Burdacli 


Formatio  reticularis 
Lateral  column 
Central  canal 

Spinal  accessory  root- 
Origin  of  spinal  

accessory  nerve 


Spinal 
•accessory 
i-oot 


Anterior 
nerve-root 


The  spinal  cord  is  composed  of  a  central  core  of  gray  matter  thickly  coated  on 
the  outside  by  white  matter.  At  only  one  spot  does  the  gray  matter  come  close  to 
the  surface,  viz.  at  the  bottom  of  the  postero-lateral  groove. 

Gray  Matter  of  the  Cord. — The  gray  matter  in  the  interior  of  the  cord  has 
the  form  of  a  fluted  column,  but  it  is  customary  to  describe  it  as  it  appears  in 
transverse  sections  through  the  cord.  It  then  presents  the  appearance  of  the 
capital  letter  H.  In  each  lateral  half  of  the  cord  there  is  a  semilunar  or  crescentic 
mass,  shaped  somewhat  like  a  comma,  the  concavity  of  which  is  directed  outwards 
and  the  convexity  inwards.  The  two  crescents  of  opposite  sides  are  connected 
across  the  middle  line  by  a  transverse  band,  which  receives  the  name  of  the  gray 
commissure  (commissura  grisea).  The  postero- median  fissure  cuts  through  the 
cord  until  it  reaches  the  gray  commissure.    The  bottom  of  the  antero-inedian 

fissure, however,  is  separated 
from  it  by  an  intervening 
strip  of  white  matter,  which 
is  termed  the  anterior  white 
commissure  (commissura  an- 
terior alba).  In  the  gray 
commissure  may  be  seen 
the  central  canal  of  the 
cord  (canalis  centralis), 
which  tunnels  the  entire 
length  of  the  cord  and  is 
just  visible  to  the  naked 
eye  as  a  minute  speck.  The 
Anterior  column  portiou  of  thc  gray  com- 

FiG.  368. —Transverse  Section  through  the  Upper  Part  of  the  missure  which  lies  behind 
Cervical  Region  of  the  Cord  of  an  Orang.  (From  a  .specimen  the  central  canal  is  called 
prepared  by  the' Weigert-Pal  method,  by  which  the  white  matter  posterior  gray  COmm.is- 

IS  rendered  dark  wliilst  the  gray  matter  is  l)leached. )  ^   .  P  . 

sure    (commissura  grisea 

posterior) ;  whilst  the  portion  in  front  receives  the  name  of  the  anterior  gray 
commissure  (commissura  grisea  anterior). 

Each  crescentic  mass  of  gray  matter  presents  certain  well-defined  parts.  The 
projecting  portious  which  extend  behind  and  in  front  of  the  connecting  transverse 
gray  commissure  are  termed  respectively  the  posterior  and  the  anterior  cornua  of 
gray  matter  (columuae  grise^e).  These  stand  out  in  marked  contrast  to  each  other. 
The  anterior  cornu  (columna  grisea  anterior)  is  short,  thick,  and  very  blunt  at  its 
extremity.  Further,  its  extremity  falls  considerably  short  of  the  surface  of  the 
cord  and  is  separated  from  it  by  a  tolerably  thick  coating  of  white  matter. 
Through  this  the  fascicles  of  the  anterior  nerve-roots,  as  they  emerge  from  the 
gray  matter  of  the  anterior  horn,  pass  on  their  way  to  the  surface.  The  thickened 
end  of  the  anterior  cornu  is  called  the  caput  cornu,  whilst  the  part  close  to  the 
gray  commissure  is  termed  the  cervix  or  basis  cornu.  Throughout  the  greater  part 
of  the  cord  the  posterior  cornu  (columna  grisea  posterior)  is  elongated  and  narrow, 
and  is  drawu  out  to  a  fine  point,  which  almost  reaches  the  bottom  of  tlie  postero- 
lateral sulcus.  This  pointed  extremity  receives  the  name  of  the  apex  cornu ;  the 
slightly  swollen  part  which  succeeds  it  is  the  caput  cornu;  whilst  the  slightly 
constricted  part  adjoining  the  gray  commissure  goes  under  the  name  of  the  cervix 
or  basis  cornu. 

The  apex  or  tip  of  the  posterior  cornu  differs  considerably  in  appearance  from 
the  general  mass  of  the  gray  matter.  It  is  composed  of  a  material  which  presents 
a  lighter  hue  and  has  a  somewhat  translucent  look.  It  is  called  the  substantia 
gelatinosa  Rolandi,  and,  when  seen  in  transverse  section,  it  exhibits  a  Y-shaped  out- 
line and  fits  on  the  caput  cornu  like  a  cap. 

A  pointed  and  prominent  triangular  projection  juts  out  from  the  external 
aspect  of  gray  matter  nearly  opposite  the  gray  commissure.  This  is  the  lateral 
horn  (columna  grisea  lateralis),  and  it  is  best  marked  in  the  upper  dorsal  region  (Fig. 
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369,  B).  Traced  upwards  it  becomes  absorbed  in  the  greatly  expanded  anterior  horn 
of  the  cervical  swelling,  but  it  reappears  again  in  the  upper  part  of  the  cord  and 
is  particularly  noticeable  in  the  second  and  third  cervical  segments ;  followed  in  a 
downward  du^ection  it  blends  with  the  anterior  horn  in  the  lumbar  swelling  and 
contributes  to  the  thickening  of  that  cornu. 

The  gray  matter  is  for  the  most  part  mapped  olf  from  the  surrounding  white  matter 
with  a  considerable  degree  of  sharpness ;  but  in  the  cervical  region,  on  the  outer 
aspect  of  the  crescenLic  mass  and  in  the  angle  between  the  anterior  and  posterior 
horns,  fine  bands  of  gray  matter  penetrate  the  white  matter,  and,  joining  with  each 
other,  form  a  network  the  meshes  of  which  enclose  small  islands  of  white  matter. 
This  constitutes  what  is  called  the  formatio  or  processus  reticularis.  Although 
best  marked  in  the  cervical  region,  traces  of  the  same  reticular  formation  may  be 
detected  in  lower  segments  of  the  cord. 

Characters  presented  by  the  Gray  Matter  in  Different  Regions  of  the  Cord. 
— The  gray  matter  is  not  present  in  equal  quantity  nor  does  it  exhibit  the  same 
form  in  all  regions  of  the  cord.  Indeed,  each  cord  segment  presents  its  own 
special  characters  in  both  of  tliese  respects.  It  is  not  necessary,  however,  in  the- 
present  instance  to  enter  into  this  matter  with  any  degree  of  minute  detail.  It 
will  be  sufficient  if  we  point  out  the  broad  distinctions  which  are  evident  in  the 
different  regions. 

It  may  be  regarded  as  a  general  law  that,  wdierever  there  is  an  increase  in  the 
size  of  the  nerves  attached  to  a  particular  part  of  the  cord,  a  corresponding 
increase  in  the  amount  of  gray  matter  will  be  observed.  It  follows  from  this 
that  the  regions  where  the  gray  matter  bulks  most  largely  are  the  lumbar  and 
the  cervical  swellings.  The  great  nerve-roots  which  go  to  form  the  nerves  of  the 
large  limb-plexuses  enter  and  pass  out  from  those  portions  of  the  cord.  In  the 
dorsal  region  there  is  a  reduction  in  the  quantity  of  gray  matter  in  correspondence 
with  the  smaller  size  of  the  dorsal  nerves. 

In  the  dorsal  region  (Fig.  369,  B)  both  horns  of  gray  matter  are  narrow,  although 
the  distinction  between  the  anterior  horn  and  the  still  more  attenuated  posterior 
horn  is  sufficiently  manifest.  In  this  region  the  lateral  horn  of  gray  matter  is 
likewise  characteristic,  and  the  substantia  gelatinosa  Rolandi  in  transverse  section 
is  pointed  and  spear-shaped. 

In  the  upper  three  segments  of  the  cervical  region  the  anterior  horns  of  gray 
are  not  large  and  resemble  the  corresponding  horns  in  the  dorsal  region.  A  lateral 
horn  is  also  present.  But  in  these  segments  (and  more  especially  in  the  first  and 
second)  there  is  a  marked  attenuation  of  the  neck  of  the  posterior  horn,  and  the 
posterior  gray  commissure  is  very  broad. 

In  the  cervical  siuelling  of  the  cord  the  contrast  between  the  two  cornua  is 
most  striking ;  the  anterior  horn  is  of  great  size  and  presents  a  very  broad  surface 
towards  the  anterior  aspect  of  the  cord,  whilst  the  posterior  horn  remains  narrow. 
This  great  increase  in  the  bulk  of  the  anterior  horn  is  due  to  a  marked  addition 
of  gray  matter  on  the  outer  side  of  the  horn,  and  seeing  that,  this  additional  matter 
is  traversed  by  a  greater  number  of  fibres,  it  stands  out,  in  well-prepared  specimens, 
more  or  less  distinctly  from  the  part  of  the  horn  which  lies  to  the  inner  side,  and 
which  may  be  considered  to  represent  the  entire  anterior  horn  in  the  dorsal  and 
upper  cervical  segments.  Within  this  lateral  addition  to  the  anterior  horn  are 
placed  those  collections  of  cells  which  constitute  the  nuclei  of  origin  of  the  motor 
nerves  of  the  muscles  of  the  upper  limb.  The  characteristic  thickening  of  the 
anterior  horn  of  gray  matter  is  evident,  therefore,  in  those  segments  of  the  cord 
to  which  the  nerves  which  enter  the  brachial  plexus  are  attached,  viz.  the  lower 
five  cervical  segments  and  the  first  dorsal  segment. 

In  the  lumbar  swelling  the  anterior  horns  ngain  broaden  out,  and  for  the  same 
reason  as  in  the  case  of  the  corresponding  horns  in  the  cervical  swelling.  The 
nuclear  masses  which  contain  the  cells  from  which  the  motor  fibres  which  supply 
the  muscles  of  the  lower  limbs  take  origin  are  added  to  the  outer  aspect  of  the 
horns  and  give  them  a  very  characteristic  appearance.  In  this  region  of  the  cord, 
however,  the  posterior  horns  are  also  broad  and  capped  by  substantia  gelatinosa 
Rolandi,  which  in  transverse  section  presents  a  semilunar  outline.     There  is 
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consequently  no  difficulty  in  distinguishing  from  an  inspection  of  the  gray  matter 
alone  between  transverse  sections  of  the  cord  taken  from  the  cervical  and  lumbar 
swellings  of  the  cord. 

A 


A. — Cervical  region — at  the  level 
(From  a  specimen  prepared 

1.  Postero-inedian  fissure.  8. 

2.  Paramedian  septum.  9. 

3.  Postero-lateral  groove. 

4.  Posterior  nerve-root. 

5.  Substantia  gelatinosa  Rolandi.  10. 

6.  Root-fibres  entering  gray  matter.  11. 

7.  Formatio  reticularis.  12. 


of  the  fifth  cervical  nerve, 
by  Dr.  A.  Bruce. ) 
Central  canal. 

Nuclei  from  which  motor- 
fibres  for  muscles  of  upper 
limb  arise. 

Anterior  commissure. 

Anterior  nerve-root. 

Antero-median  fissure. 


B. — Through  the  mid-dorsal  region. 

1.  Postero-mediaia  fissure. 

2.  Postero-lateral  groove. 

3.  Posterior  cornu. 

4.  Posterior  vesicular  column  of  cells. 

5.  Lateral  cornu. 

6.  Central  canal. 

7.  Anterior  cornu. 

8.  Antero-median  fissure. 


^  C, — Through  the  lumbar  region  at  the  level  of  the 
fourth  lumbar  nerve. 


1.  Posterior  nerve-root.  7. 

2.  Postero-median  fissure. 

3.  Substantia  gelatinosa  Rolandi. 

4.  Root  -  fibres     entering  gray 

matter.  8: 

5.  Central  canal.  9. 

6.  Anterior  commissure. 


Nuclei  of  origin  from 
wliicii  the  motor- 
fibres  for  muscles  of 
the  lower  limb  arise. 

Anterior  nerve-root. 

Antero-median  fissure. 


-'Jlirough  the  sacral  region  at  the  level  of  the 
third  sacral  nerve.  (From  a  specimen  pre- 
pared by  Dr.  A.  Bruce. ) 

1.  Postero-median  fissure. 

2.  Posterior  nerve-root. 

3.  Substantia  gelatinosa  Rolandi. 

4.  Posterior  gray  commissure. 

5.  Anterior  commissure. 

6.  Antero-median  fissure. 


Fig.  369. — Section  through  each  of  the  Four  Regions 
the  Weigert-Pal  method,  therefore  the  white  matter 
matter  is  bleached. ) 


OF  the  Coed.  (From  specimens  prepared  by 
is  rendered  dark  in  colour  whilst  the  gray 


In  the  lower  part  of  the  C07ms  meduUaris  the  gray  matter  in  each  lateral  half 
of  the  cord  assumes  the  form  of  an  oval  mass  joined  to  its  fellow  of  the  opposite 
side  by  a  thick  gray  commissure.    Here  almost  the  entire  bulk  of  the  cord  consists 
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of  gray  matter,  seeing  that  the  white  matter  is  reduced  to  such  an  extent  that  it 
forms  only  a  thin  coating  on  the  outside. 

White  Matter  of  the  Spinal  Cord. — In  transverse  sections  of  the  cord  the 
three  cohimns  into  which  the  white  matter  is  subdivided  become  very  apparent. 
The  posterior  column  is  wedge-shaped,  and  lies  between  the  postero-median  fissure 
and  the  posterior  horn  of  gray  matter.  The  lateral  column  occupies  the  concavity 
of  the  gray  crescent.  Behind,  it  is  bounded  by  the  posterior  horn  of  gray  matter 
and  the  postero-Iateral  sulcus,  whilst  in  front  it  extends  as  far  as  the  outermost 
fasciculi  of  the  anterior  nerve-roots  as  they  pass  out  from  the  anterior  gray  horn. 
The  anterior  column  includes  the  white  matter  between  the  antero-median  fissure 
and  the  anterior  horn  of  gray  matter,  and  also  the  white  matter  which  separates  the 
broad  extremity  of  the  anterior  gray  cornu  from  the  surface  of  the  cord.  This 
latter  portion  of  the  anterior  columti  is  traversed  by  the  emerging  fascicles  of  the 
anterior  nerve-roots. 

In  cross-sections  of  the  cord  the  partition  of  pia  mater,  which  dips  in  at  the 
posterior  paramedian  groove  and  divides  the  posterior  column  into  the  column  of 
Goll  and  the  column  of  Burdach,  is  very  strongly  marked  in  the  cervical  regions, 
but  as  it  is  traced  downwards  into  the  dorsal  region  it  becomes  shorter  and  fainter, 
and  finally  disappears  altogether  at  the  level  of  the  eighth  dorsal  nerve.  Below 
this  point  there  is  no  visible  demarcation  of  the  posterior  column  into  two  parts. 

The  white  matter  is  not  present  in  equal  quantity  throughout  the  entire  length 
of  the  cord.  It  increases  steadily  from  below  upwards,  and  this  increase  is  most 
noticeable  in  the  lateral  and  posterior  columns.  In  the  lower  part  of  the  conus 
medullaris  the  amount  of  gray  matter  is  actually  greater  than  that  of  the  white 
matter  :  but  very  soon  this  state  of  affairs  is  changed,  and  in  the  lumbar  region  the 
proportion  of  gray  to  white  matter  is  approximately  as  1:2-1;  in  the  dorsal  region 
as  1 :  5  ;  and  in  the  cervical  region  as  1:5-1.  When  it  is  remembered  how  the  gray 
matter  expands  in  the  lumbar  and  cervical  regions,  and  how  greatly  it  becomes  reduced 
in  the  dorsal  region,  the  significance  of  these  figures  will  become  more  apparent. 

Central  Canal  (canalis  centralis). — As  previously  stated,  the  central  canal  is 
found  in  the  gray  commissure.  It  is  a  very  minute  tunnel,  barely  visible  to  the 
naked  eye  when  seen  in  transverse  section,  and  it  traverses  the  entire  length  of  the 
cord.  Above,  it  passes  into  the  medulla  oblongata,  and  finally  opens  into  the  fourth 
ventricle  of  the  brain ;  below,  it  is  continued  for  a  variable  distance  into  the  filum 
terminale,  and  in  this  it  ends  blindly.  Only  in  the  lumbar  region  does  the  central 
canal  occupy  the  centre  of  the  cord.  Above  this  level,  in  the  dorsal  and  cervical 
regions,  it  lies  very  much  nearer  the  anterior  than  the  posterior  aspect  of  the  cord ; 
whilst  below  the  lumbar  region,  as  it  is  traced  down  into  the  conus  medullaris,  it 
inclines  backwards  and  approaches  the  posterior  aspect  of  the  cord.  The  calibre  of 
the  canal  likewise  varies  somewhat  in  different  parts  ot  the  cord.  It  is  narrowest 
in  the  dorsal  region ;  and  in  the  lower  part  of  the  conus  medullaris  it  expands  into 
a  distinct  fusiform  dilatation  (very  nearly  1  mm.  in  transverse  diameter),  which  is 
termed  the  ventriculus  terminalis  (Krause). 

The  central  canal  is  lined  by  a  layer  of  ciliated  columnar  cells,  the  deep  taper- 
ing ends  of  which  are  prolonged  into  slender  processes,  which  penetrate  into  the 
substance  of  the  cord.  These  cells  constitute  the  lining  ependymal  cells  of  the 
canal.  The  cilia  of  the  epithelial  cells  are  very  early  lost,  and  it  is  not  uncommon 
to  find  the  canal  blocked  up  by  epithelial  debris. 

The  central  canal  is  of  interest  because  it  represents  in  the  adult  the  relatively 
wide  lumen  of  the  early  ectodermal  neural  tube  from  which  the  spinal  cord  is 
developed. 

Filum  Terminale. — The  delicate  thread  to  which  this  name  is  applied  is  con- 
tinuous with  the  lower  tapered  end  of  the  conus  medullaris.  It  is  easily  distin- 
guished by  its  silvery  and  glistening  appearance  from  the  numerous  long  nerve-roots 
(cauda  equina)  amidst  which  it  lies.  It  is  about  six  inches  long,  and  down  to  the 
level  of  the  second  sacral  vertebra  it  is  inclosed  with  the  surrounding  nerve-roots 
within  the  theca  of  dura  mater.  Piercing  the  tapered  and  closed  end  of  the  theca 
at  this  point,  and  receiving  an  investment  from  it,  the  filum  terminale  proceeds 
downwards  in  the  sacral  canal,  and  finally  receives  attachment  to  the  periosteum  on 
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the  dorsal  aspect  of  the  coccyx  (Fig.  364,  p.  453).  It  is  customary  to  speak  of  the 
fikim  as  consisting  of  two  parts,  viz.  the  filum  terminale  internum  and  the  filum 
terminale  externum,  or  the  part  inside  and  the  part  outside  the  theca  of  dura  mater. 

The  filum  terminale  externum  is  simply  a  hbrous  thread,  strengthened  by  the 
prolongation  it  receives  as  it  pierces  the  dura  mater.  The  filum  terminale  internum 
is  largely  composed  of  pia  mater ;  but  in  its  upper  half  it  incloses  the  terminal  part 
of  the  central  canal,  and  around  this  a  variable  amount  of  the  gray  substance  of  the 
cord  is  prolonged  downwards  into  the  filum.  When  transverse  sections  are  made 
through  the  upper  part  of  the  filum  terminale  internum  some  bundles  of  medul- 
lated  nerve-fibres  are  observed  chnging  to  its  sides,  and  with  these  are  associated 
some  nerve-cells  identical  with  those  in  the  spinal  ganglia.  These  represent  rudi- 
mentary or  aborted  caudal  nerves  (Kauber). 


SUMMAEY  OF  THE  ChIEF  CHARACTERS  PRESENTED  BY  THE  CORD  IN  ITS 

Different  Eegions. 


Cer^^cal  Region. 

Dorsal  Region. 

Lumbar  Region. 

Sacral  Region. 

In  transverse  section, 
outline  of  cord  trans- 
versely oval ;  in  the 
middle  of  the  cervical 
swelling  the  transverse 
diameter  being"  nearly 
one -third  longer  than 
the  antero  -  posterior 
diameter. 

In  transverse  section, 
outline  of  cord  more 
nearly  circular  ;  but 
still  the  transverse  di- 
ameter is  greater  than 
the  antero  -  posterior 
diameter. 

In  transverse  section, 
outline  of  cord  more 
nearly  circular  than  in 
dorsal  region. 

In  transverse  section, 
outline  of  cord, 

nearly  circular,  but 
still  somewhat  com- 
pressed from  before 
backwards. 

Postero  -  median  cleft 

very  deep,  extending 
beyond  the  centre  of 
cord  ■  antero-median 
cleft  shallow. 

Postero  -  median  cleft 

very  deep,  extending 
beyond  centre  of  cord  : 
antero-median  cleft 
shallow. 

Postero  -  median  cleft 

not  nearly  so  deep  as 
in  regions  above  :  an- 
tero-median cleft,  on 

the  other  hand,  much 
deeper. 

Postero  -  median  and 
antero-median  clefts 

of  equal  depth. 

Gray  matter  greatly  in- 
creased in  quantity  in 
the  cervical  swelling  : 

CtLlLCilVJl        ilKJLli  LiiH^lV 

and  massive;  posterior 
horn  slender  in  com- 
parison. Lateral  horn 
only  evident  above  the 
level  of  the  fourth  cer- 
vical nerve.  Formatio 
reticularis  strongly 
marked. 

Gray  matter  greatly 
leduced  in  C|uantity. 
Both    horns  slender. 

T  if)  "hf-^T'i  1        n  nvii  ■\\7p11 

J_JrltCicll           IUJI  li  well 

marked.  Formatio 
reticularis  scarcely  ap- 
parent. 

Gray  matter  greatly  in- 
creased in  the  lumbar 
swelling.    Both  horns 

V  "Ml  i  Ou  Q  n  (1  111  a  vp 

V  C  1  V   LlliUiV  (XIUJ.  IIJ  <Xor>L  V  C. 

Lateral  horn  aljsorbed 
in  anterior  horn.  For- 
matio reticularis  ab- 
sent. 

Both  horns  of  gray 
matter  very  thick  and 
massive.  Lateral  horn 

tl  JJlJrtl  Cil  L.              L/  lUlliL' 

atio  leticularis. 

-  - 

White  matter  in  great 
quantity,  and  especi- 
ally massed  in  the 
lateral  and  posterior 
columns. 

White  matter  less 
in  quantity  than  in 
cervical  region,  but 
bulking  largely  in 
comparison  with  the 
quantity  of  gray 
matter. 

White  matter  small  in 
quantity  in  relation  to 
higher  regions,  and 
very  small  in  amount 
in  relation  to  in- 
creased quantity  of 
gray  matter. 

White  matter  xevy 
small  in  quantity  in 
comparison  with  the 
gray  matter. 

Posterior  paramedian 
groove  and  septum 
well  marked. 

Posterior  paramedian 
groove  absent  ;  but 
the  corresponding  sep- 
tum can  be  traced  as 
low  down  as  the  eighth 
dorsal  nerve. 

No  posterior  para- 
median   groove  or 

septum. 

No  posterior  para- 
median groove  and  no 

corresponding  septum. 

Central  canal  consider- 
ably nearer  the  anterior 
surface  than  the  pos- 
terior surface  of  the 
cord. 

Central  canal  consider- 
ably nearer  the  anterior 
surface  than  the  pos- 
terior surface  of  the 
cord. 

j 

Central  canal  in  the 

centre  of  the  cord. 

Central  canal  in  the 

centre  of  the  cord. 
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Component  Parts  of  the  Geay  Matter  of  the  Spinal  Coed. 

Neuroglia  enters  largely  into  the  constitution  of  the  gray  matter  of  the  cord. 
It  forms  a  bed  within  which  the  nervous  elements  are  distributed.  These  nervous 
elements  consist  of  (1)  nerve-cells  and  (2)  nerve-fibres — ^both  medullated  and  non- 
meduUated.  The  nerve-cells  lie  in  small  spaces  within  the  neuroglia,  whilst  the 
nerve-fibres  traverse  fine  passages  the  walls  of  which  are  formed  of  the  same  sub- 
stance. The  neuroglia  is  thus  an  all-pervading  basis  substance,  which  isolates  more 
or  less  completely  the  nervous  elements  from  each  other,  and  at  the  same  time 
binds  them  together  into  a  consistent  solid  mass.  In  two  situations  the  gray 
matter  presents  special  characteristics  which  have  earned  for  it  the  name  of 
substantia  gelatinosa,  viz.  the  gray  matter  which  constitutes  the  immediate  sur- 
rounding of  the  central  canal,  and  which  is  called  the  substantia  gelatinosa 
centralis ;  and  that  which  forms  the  apical  part  of  the  posterior  horn  of  gray 
matter,  and  which  receives  the  name  of  substantia  gelatinosa  Eolandi.  In  both 
situations  the  substantia  gelatinosa  stains  more  deeply  with  carmine  and  presents 
a  more  translucent  appearance ;  in  other  respects  the  substantia  centralis  and  the 
substantia  Rolandi  are  very  different. 

The  substantia  gelatinosa  centralis  forms  a  thick  ring  around  the  central  canal, 
which  is  traversed  by  the  fine  processes  which  proceed  from  the  deep  ends  of  the 
ependymal  cells  which  line  the  canal.    It  is  almost  entirely  composed  of  neuroglia. 

In  transverse  sections  of  the  cord  the  suhstantia  Rolandi,  in  the  cervical  and 
dorsal  regions,  presents  the  appearance  of  a  V-shaped  mass,  embracing  the  extremity 
of  the  caput  of  the  posterior  horn  of  gray  matter ;  in  the  lumbar  region  this  cap 
assumes  a  semilunar  outline. 

In  the  substantia  gelatinosa  Rolandi  the  neuroglia  is  present  in  small  quantity, 
and  small  nerve-cells  are  developed  within  it  in  considerable  numbers. 

Nerve-Cells. — The  nerve-cells  are  scattered  plentifully  throughout  the  gray 
matter,  but  perhaps  not  in  such  great  numbers  as  might  be  expected  when  we  note 
the  enormous  number  of  nerve-fibres  with  which  they  stand  in  relation.  They  are 
all,  without  exception,  multipolar,  and  send  off  from  their  various  aspects  several 
brand  ung  protoplasmic  processes  or  dendrites,  and  one  axon,  which  becomes  the 
axis-cylinder  of  a  nerve- fibre.  In  size  they  vary  considerably,  and  it  is  generally 
admitted  that  the  bulk  of  a  nerve-cell  has  a  more  or  less  definite  relation  to  the 
length  of  the  axis-cylinder  which  proceeds  from  it. 

When  the  nerve-cells  are  studied  in  a  series  of  transverse  sections  of  the  cord, 
it  will  be  noticed  that  a  large  proportion  of  them  are  grouped  in  clusters  in  certain 
districts  of  the  gray  matter ;  and  as  these  groups  are  seen  in  very  much  the  same 
position  in  successive  sections,  it  is  clear  that  these  cells  are  arranged  in  longitudinal 
columns  of  greater  or  less  length.  Thus  we  recognise  (1)  a  ventral  group  or  column 
of  cells  in  the  anterior  horn  of  gray  matter ;  (2)  an  intermedio-lateral  group  or 
column  in  the  lateral  horn  of  gray  matter,  where  this  exists ;  and  (3)  a  posterior 
vesicular  column  of  cells  (Clarke's  column),  forming  a  most  conspicuous  group  in 
the  mesial  part  of  the  cervix  of  the  posterior  horn  in  the  dorsal  region  of  the 
cord. 

Other  cells  besides  those  forming  these  columns  are-  scattered  somewhat  irregu- 
larly throughout  the  gray  matter  of  the  posterior  horn  and  the  part  of  the  gray 
crescent  which  lies  between  the  two  horns  ;  and  although  these  also  in  some  measure 
may  be  classified  into  groups,  the  arrangement  thus  effected  is  not  of  so  definite  a 
character  as  to  justify  us  in  dwelling  upon  it  in  the  present  instance. 

Ventral  Cell-Column  and  the  Origin  of  the  Fibres  of  the  Anterior  Nerve- 
Roots. — The  ventral  cell-group  occupies  the  anterior  horn  of  gray  matter,  and  in 
it  are  found  the  largest  and  most  conspicuous  cells  in  the  spinal  cord.  It  extends 
from  one  end  of  the  cord  to  the  other.  These  ventral  nerve-cells  have  numerous 
wide-spreading  dendritic  processes,  and  it  is  to  be  noticed  that  certain  of  these 
dendrites  do  not  confine  their  ramifications  to  the  gray  matter.  Thus,  some  of  the 
cells  along  the  mesial  border  of  the  anterior  horn  of  gray  matter  send  dendrites 
across  the  mesial  plane  in  the  anterior  commissure  to  end  in  the  anterior  gray 
horn  of  the  opposite  side ;  whilst  others,  lying  along  the  lateral  or  outer  margin  of 
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the  anterior  horn  of  gray  matter,  send  dendrites  in  amongst  the  nerve-fibres  of  the 
adjoining  white  matter. 

The  axons  or  axis-cylinder  processes  of  a  large  proportion  of  the  ventral  cells 
converge  together ;  and,  becoming  medullated,  form  bnndles  which  pass  out  from 
the  gray  matter,  and  through  the  white  matter  which  separates  the  thick  end  of 
the  anterior  horn  from  the  surface  of  the  cord,  to  finally  emerge  as  the  fascicles  of 
the  anterior  nerve-roots.    These  cells,  then,  are  the  sources  from  which  the  nerve- 


Postero-median  fissure- 


Gray  commissure- 


Antero-median       Autero-mesial  group  Antero-lateral 

furrow  of  motor  cells  group  of  motor  cells 

Fig.  370. — Section  through  the  Fifth  Cervical  Segment  ov  the  Cord.    (To  a  large  extent  founded 

on  Plates  in  Dr.  Bruce's  Atlas.) 

fibres  of  the  anterior  nerve-roots  proceed,  and  in  consequence  they  are  frequently 
spoken  of  as  the  "  motor  cells  "  of  the  cord.  Whilst  this  is  the  arrangement  of  the 
axons  of  the  great  majority  of  the  motor  cells,  it  should  be  noted  that  a  few  cross 
the  mesial  plane  in  the  anterior  white  commissure  and  emerge  in  the  fascicles  of 
origin  of  the  opposite  anterior  nerve-root. 

The  ventral  cells  are  not  scattered  uniformly  throughout  the  anterior  horn  of  gray 
matter.  They  are  aggregated  more  closely  together  in  certain  parts  of  the  anterior  horn, 
and  thus  form  sub-groups  or  columns  more  or  less  perfectly  marked  off  from  each  other. 

Thus  one  sub-group  or  column  of  ventral  cells  occupies  the  inner  or  mesial  part  of  the 
anterior  horn  of  gray  matter  throughout  almost  its  whole  length.  In  only  two  segments 
of  the  cord  is  it  absent,  viz.  the  fifth  lumbar  and  the  first  sacral ;  at  this  level  in  the  cord 
alone  is  its  continuity  broken  (Bruce).  It  is  termed  the  ventro-mesial  column  or  group  of 
ventral  cells.  Behind  this  cell-column  there  is  another  which  is  classed  with  it  to  which 
the  name  of  dorso-mesial  column  or  group  is  given,  but  this  column  of  cells  is  not  con- 
tinuous throughout  the  entire  length  of  the  cord.  It  is  present  in  the  dorsal  region  of 
the  cord  where  the  motor  nuclei  for  the  muscles  of  the  limbs  are  absent,  and  it  is  also  seen 
in  two  or  three  of  the  segments  of  the  cervical  region  and  in  the  first  lumbar  segment 
(Bruce)  ;  elsewhere  it  is  not  represented. 

In  the  cervical  and  lumbar  swellings  of  the  cord,  where  the  marked  lateral  outgrowth 
is  added  to  the  outer  side  of  the  anterior  horn  of  gray  matter,  certain  groups  of  large 
multipolar  cells  are  visible.  These  are  the  nuclei  of  origin  of  the  motor-fibres  which 
supply  the  muscles  of  the  limbs,  and  consequently  they  are  not  represented  in  the  upper 
three  cervical  segments  of  the  cord  ;  nor  in  any  of  the  dorsal  segments,  with  the  exception 
of  the  first  dorsal  segment ;  nor  in  the  two  lowest  sacral  segments. 

These  lateral  cells  are  arranged  in  several  columns,  which  extend  for  varying  distances 
in  the  superadded  lateral  parts  of  the  anterior  horn  of  gray  matter.  The  two  main 
columns  are  a  ventro-lateral  and  a  dorso-lateral  cohimn  ;  in  certain  segments  there  is 
likewise  a  post-dor  so-lateral  column,  and  in  a  number  of  segments  in  the  lumbar  and  sacral 
regions  a  central  column  of  cells  (Bruce). 
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Postero-median 
fissure 


Posterior  vesicular 
column  (Clarke's 
column  of  cells) 


Gray  commissure 


Antero-inediau 
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Posterior  horn 
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Antero-mesial  group 
of  motor  cells 


I)itermedio-lateial 
tract  of  cells 


Postero-mesial  group 
of  motor  cells 


Fig.  371. — Section  through  the  Eighth  Dorsal  Segment  of  the 
Spinal  Cord.  (To  a  large  extent  founded  on  Plates  in  Dr. 
Bruce's  Atlas.) 


There  cannot  be  a  doubt  that  the  grouping  of  the  motor  cells  in  the  anterior  horn  of 
gray  matter  of  the  cord  stands  in  relation  to  the  muscle  groups  to  which  their  axis-cylinder 
processes  are  distributed  ;  but 
from  what  has  been  said  it  will 
be  apparent  that  sharply  defined 
cell -clusters  associated  with  par- 
ticular muscles  do  not  exist. 
Still,  much  can  be  learned  re- 
garding the  localisation  of  the 
motor  nuclei  in  the  anterior 
horn  of  gray  matter  of  the  cord 
from  the  study  of  the  changes 
which  occur  in  the  cell-columns 
afteratrophies  of  isolated  muscles 
or  groups  of  muscles,  and  after 
complete  or  partial  amputations 
of  limbs.  It  has  been  pointed 
out  that  the  long  muscles  of 
the  trunk  (as,  for  example,  the 
different  parts  of  the  erector 
spinae  muscle)  receive  nerve - 
fibres  from  all  the  segments 
of  the  cord.  Now,  we  have 
noted  that  there  is  only  one 
cell-column,  the  ventro-mesial 
column,  which  pursues  an  almost 

uninterrupted  course  throughout  the  entire  length  of  the  cord.  It  may  be  assumed, 
therefore,  that  the  nerve-fibres  which  go  to  these  long  trunk-muscles  take  origin  in  these 
mesial  cells. 

Edinger  states  that  in  the  anterior  horn  of  gray  matter  the  nuclei  of  origin  of  the 

nerves  which  supply  the 
proximal  muscles  are  medially 
placed  ;  that  those  for  the 
distal  muscles  are  in  general 
situated  laterally.  If  this 
be  the  case,  the  cells  con- 
nected with  the  shoulder 
muscles  would  lie  nearer  the 
middle  of  the  anterior  horn 
of  gray  matter  than  those 
which  are  connected  with 
the  hand-muscles.  In  cases 
where  the  forearm  and  hand, 
or  the  leg  and  the  foot,  are 
amputated,  it  would  appear 
that  it  is  the  postero-lateral 
column  of  cells  that  shows 
changes  in  consequence  of  its 
separation  from  the  muscles 
to  which  its  fibres  are  dis- 
tributed.^ 
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Intermedio- lateral  Cell- 
column. — The  intermedio- 
lateral  cells  form  a  long 
slender  column  which  ex- 
tends throughout  the  entire 
dorsal  region  of  the  cord  in  the  lateral  horn  of  gray  matter.  It  is  also  prolonged 
downwards  into  the  first  and  second  lumbar  segments,  where  it  disappears.  In 


Antero-mesial  Central  group  Antero-lateral 
group  of  cells  of  cells  group  of  cells 

Fig.  372.  —  Section  through  the  Third  Lumbar  Segment  of 
Spinal  Cord  to  show  the  grouping  of  the  Motor  Cells. 
a  large  extent  founded  on  Plates  in  Dr.  Brnce's  Atlas.) 


^  Those  who  seek  further  information  regarding  the  grouping  of  the  ventral  cells  of  the  cord,  may  with 
advantage  study  Dr.  Alexander  Bruce's  Atlas  of  the  Spinal  Cord. 
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transverse  sections  through  the  cord  this  cell-group  presents  a  very  characteristic 
appearance,  because  the  cells  which  compose  it  are  small  and  are  closely  packed 

together.  Although  these 
cells,  as  a  continuous 
column,  are  restricted  to 
the  region  indicated,  it 
should  be  noted  that  the 
same  group  of  cells  re- 
appears above  in  certain  of 
the  cervical  segments  and 
also  in  the  third  and  fourth 
sacral  segments.  The  func- 
tion and  connexions  of 
these  cells  are  unknown. 
It  has  been  suggested  that 
they  give  origin  to  vaso- 
motor, pilo  -  motor,  and 
sweat  -  gland  nerves,  and 
have  a  very  close  connexion 
with  the  sympathetic  ner- 
vous system. 

Ill  a  recent  researcli  by 
Bruce  tlie  following  important 
points  in  regard,  to  tlie  inter- 
niedio-lateral  cell-column  have 
been  determined. 

Fig.  373. — Section  through  the  First  Sacral  Segment  of  the  It  is  not  quite  continuous. 
Spinal  Cord  to  show  the  grouping  of  the  Motor  Nerve- cells.  In  the  eighth  cervical,  first 
(To  a  large  extent  founded  on  Plates  in  Dr.  Bruee's  A  Has. )  dorsal,  and  also  in  a  part  of  the 

second  dorsal  segment,  as  well 

as  in  tlie  first  and  second  lumbar  segments,  the  cells  are  in  separate  clusters.  Throughout  the 
rest  of  the  dorsal  region  it  forms  a  moniliform  chain  of  cells,  situated  partly  in  the  lateral  horn 
and  partly  in  the  gray  matter  behind  it.  Some  outlying  cells  are  situated  in  the  white  matter 
in  the  neighbourhood  of  the  lateral  horn. 

The  limits  of  the  tract  are  from  lower  two-thirds  of  eighth  cervical  to  the  lower  end  of  the 
second  lumbar  or  j^erhaps  the  upper  end  of  the  third  lumbar  segment.  It  is  found  also  in  the 
first,  second,  and  third  cervical,  and  in  the  third  and  fourth  sacral  segments.  It  reaches  its 
maximum  size  in  the  tliird  and  fourth  dorsal  segments. 

Posterior  Vesicular  Column — Clarke's  Column.— This  occupies  the  posterior 
horn  of  gray  matter  and  is  the  most  conspicuous  of  all  the  cell-groups  in  the 
cord.  It  does  not,  however,  extend  along  the  whole  length  of  the  cord;  indeed 
it  is  almost  entirely  confined  to  the  dorsal  region,  and  in  consequence  it  is  some- 
times referred  to  as  the  "  dorsal  nucleus."  Above,  it  begins  opposite  the  seventh  or 
eighth  cervical  nerve,  whilst  below,  it  may  be  traced  to  the  level  of  the  second 
lumbar  nerve,  where  it  disappears.  In  transverse  section  of  the  cord  it  presents  an 
oval  outline,  and  is  seen  in  the  inner  part  of  the  cervix  of  the  posterior  horn  of 
gray  matter  immediately  behind  the  gray  commissure  (Fig.  369  B,  p.  458).  On  the 
outer  side  it  is  circumscribed  by  numerous  curved  fibres  from  the  entering  posterior 
nerve-root,  and  in  the  lower  dorsal  region  of  the  cord  (opposite  the  eleventh  and 
twelfth  dorsal  nerves)  it  becomes  so  marked  that  it  forms  a  bulging  on  the  inner 
aspect  of  the  posterior  gray  horn. 

The  cells  of  Clarke's  column  are  large,  and  possess  several  dendritic  processes. 
The  axons  enter  the  lateral  column  of  white  matter  and  there  form  a  strand  of 
fibres,  which  will  later  on  be  described  under  the  name  of  the  direct  cerebellar  tract. 

In  addition  to  the  topographical  subdivision  of  the  nerve-cells  of  the  cord  indicated  above,  it 
is  now  usual  to  classify  them  according  to  the  nature  of  the  axons  which  proceed  from  them. 
Thus  we  have  (1)  the  cells  of  Golgi  or  cells  with  short  axons,  and  (2)  cells  with  long  axons. 

The  cells  of  Golgi  possess  axons  which  do  not  emerge  from  the  gray  matter,  but  bring  neigh- 
bouring cells  into  touch  with  each  other.  The  cells  with  long  axons  are  of  two  kinds,  viz. 
radicular  cells  and  strand -cells. 

The  radicular  cells  are  those  from  which  the  axon  emerges  from  the  cord  in  the  shape  of  an 
efferent  nerve-fibre.    Thus  the  "  motor  cells "  which  supply  the  axis-cylinder  2^rocesses  of  the 
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anterior  nerve-roots  belong  to  this  class.  The  strand-cells  are  those  which  contribute  their  axons 
to  the  formation  of  those  fibres  which  form  certain  of  the  strands  or  tracts  which  are  found  in 
the  white  matter  of  the  cord. 

Nerve-fibres  in  the  Gray  Matter  of  the  Cord.— is^erve-fibres  both  of  the 
medullated  and  non-medullated  variety  pervade  every  part  of  the  gray  matter. 
They  are  of  three  kinds,  viz.  (1)  collaterals,  (2)  terminations  of  nerve-libres,  (3) 
axons  given  off  by  the  cells.  Many  of  the  nerve-fibres  which  compose  the  columns 
of  white  matter  of  the  cord  give  off  numerous  fine  collateral  branches,  which  pass 
into  the  gray  matter  from  all  sides  and  finally  end  in  relation  with  the  nerve- 
cells.  The  majority  of  the  nerve-fibres  themselves,  which  thus  give  off  collaterals, 
finally  enter  the  gray  matter,  and  end  similarly.  As  already  noted,  the  axons  of 
the  cells  of  Golgi  remain  within  the  gray  matter,  but  the  others  emerge  either  for 
the  purpose  of  entering  a  peripheral  nerve  or  for  the  purpose  of  entering  a  strand 
of  fibres  in  the  white  matter  of  the  cord. 

The  nerve-fibres  thus  derived  are  interwoven  together  in  the  gray  matter  of  the 
cord  in  a  dense  inextricable  interlacement. 


Component  Parts  of  the  White  Matter  of  the  Cord. 


The  white  matter  of  the  cord  is  composed  of  medullated  nerve-fibres  embedded 
in  neuroglia.  The  fibres,  for  the  most  part,  pursue  a  longitudinal  course ;  and 
from  the  deep  surface  of  the  pia  mater  which 
surrounds  the  cord  fibrous  septa  or  partitions  are 
carried  in  along  vertical  planes  between  the  fibres,  so 
as  to  form  an  irregular  and  very  imperfect  fibrous 
framework  of  support.  The  neuroglia  is  disposed  in 
a  layer  of  varying  thickness  around  the  cord,  sub- 
jacent to  the  pia  mater,  and  is  carried  into  the  cord 
so  as  to  give  a  coating  to  both  sides  of  the  various  pial 
septa.  The  neuroglia  also  is  disposed  around  the 
various  nerve- fibres,  so  that  each  of  these  may  be  said 
to  lie  in  a  canal  or  tunnel  of  this  substance.  The 
nerve -fibres  are  all  medullated,  but  they  are  not 
provided  with  primitive  sheaths.  It  is  the  medullary 
substance  of  the  nerve -fibres  which  gives  to  the 
white  matter  its  opaque,  milky -white  appearance. 
When  a  thin  transverse  section  of  the  cord  is  stained 
in  carmine  and  examined  under  the  microscope  the 
white  matter  presents  the  appearance  of  a  series  of 
closely- applied  circles,  each  with  a  dot  in  the  centre. 
The  dot  is  the  transversely  divided  axis -cylinder  of 
a  nerve- fibre,  and  the  dark  ring  which  forms  the 
circumference  of  the  circle  represents  the  wall  of  the 
neuroglial  canal  which  is  occupied  by  the  fibre. 
The  medullary  substance  is  very  faintly  seen.  It 
presents  a  filmy  or  cloudy  appearance  between  the 
axis-cylinder  and  the  neuroglial  ring. 

Arrangement  of  the  Nerve-fibres  of  the  White 
Matter  in  Strands  or  Tracts.— When  the  white 
matter  of  a  healthy  adult  cord  is  examined  the  fibres  which  compose  it  are 
seen  to  vary  considerably  in  point  of  size ;  and  although  there  are  special  places 
where  large  fibres — or  it  may  be  small  fibres — are  present  in  greater  numbers 
than  elsewhere,  yet  as  a  rule  both  great  and  small  fibres  are  mixed  up 
together.  Absolutely  no  evidence  can  be  obtained  in  such  a  cord,  by  any  means 
at  our  disposal,  of  the  fact  that  the  longitudinally  arranged  fibres  are  grouped 
together  in  more  or  less  definite  tracts  or  strands,  the  fibres  of  which  run  a  definite 
course  and  present  definite  connexions.  Yet  we  know  this  to  be  the  case,  and  the 
existence  of  these  separate  tracts  has  been  proved  both  by  physiological  and  by 
embryological  investigation. 
34 


Fig.  374. — Transverse  Section 
through  the  white  matter  op 
THE  Cord,  as  seen  through  the 
microscope. 
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The  physiological  evidence  depends  on  the  fact  that  when  a  nerve -fibre  is  severed  the  j^art 
which  is  detached  from  the  nerve-cell  from  which  it  is  an  offshoot  degenerates,  whilst  the  part 
which  remains  connected  with  the  nerve-cell  undergoes  little  or  no  change.  Tliis  is  called  the 
law  of  "  Wallerian  "  degeneration.  Thus,  if  in  a  living  animal  one-half  of  the  cord  be  cut  across, 
and  after  a  few  weeks  the  animal  be  killed  and  the  cord  examined,  it  will  be  seen  that  there 
are  degenerated  tracts  of  fibres  in  the  white  matter,  both  above  and  below  the  plane  of  division  ; 
but,  still  further,  it  will  also  be  manifest  tliat  the  tracts  which  are  degenerated  above  the  plane 
of  division  are  not  the  same  as  those  which  are  degenerated  in  the  part  of  the  cord  which  lies 
below  this  leveL  The  interj^retation  of  this  is  obvious.  The  nerve-tracts  which  have  degenerated 
above  the  plane  of  section  are  the  oftslioots  of  nerve-cells  which  lie  in  lower  segments  of  the  cord 
or  in  S23inal  ganglia  below  the  jjlane  of  section.  Severed  from  these  nerve-cells,  they  undergo 
what  is  called  ascending  degeneration.  The  nerve-tracts,  on  the  other  hand,  which  have 
degenerated  in  the  portion  of  the  cord  below  the  plane  of  division  are  the  axons  of  cells  which 
lie  at  a  higher  level  than  the  jDlane  of  section,  either  in  higher  segments  of  the  cord  or  in  the 
brain  itself.  Cut  oft'  from  the  nerve-cells  from  which  they  proceed,  they  present  an  example  of 
descending  degeneration. 

The  embryological  evidence  we  owe  to  Flechsig,  and  it  is  no  less  satisfactory.  It  depends 
upon  the  fact  that  nerve-fibres  in  the  earliest  stages  of  their  develo23ment  consist  of  naked  axis- 
cylinders,  and  are  not  provided  with  medullary  sheaths.  Further,  the  nerve-fibres  of  difterent 
strands  assume  the  medullary  sheaths  at  different  periods.  By  examining  the  foetal  cord  at 
different  stages  of  its  development,  it  is  a  comparatively  easy  matter  to  locate  the  different  tracts 
of  fibres  by  evidence  of  this  kind.  Speaking  broadly,  the  tracts  which  myelinate  first  are  those 
which  l3ring  the  cord  into  relation  with  the  perij^heral  parts  (skin,  muscles,  etc.) ;  then  those 
fibres  which  bind  the  various  segments  of  the  cord  together ;  next,  those  which  connect  the  cord 
with  the  cerebellum  ;  and,  lastly,  the  tracts  which  connect  the  cord  with  the  cerebrum.  The 
nervous  apparatus  for  the  jDerformance  of  automatic  movements  is  fully  provided,  therefore,  before 
this  is  put  under  the  control  and  direction  of  the  higher  centres.  It  by  no  means  follows  that  in 
all  the  higher  animals  corresponding  strands  myelinate  at  relatively  corresponding  periods.  Take 
the  case  of  a  young  animal  which  from  the  time  of  its  birth  is  able  to  move  about  and  perform 
voluntary  movements  of  various  kinds  in  a  more  or  less  perfect  manner,  and  compare  it  with  the 
helpless  new-born  human  infant  which  is  only  caj^able  of  exhibiting  automatic  movements.  In 
the  former  the  pyramidal  tracts,  or  motor  tracts,  which  descend  from  the  cerebrum  into  the  cord, 
and  which  are  the  jDatlis  along  which  the  mandates  of  the  will  travel,  myelinate  at  an  early  23eriod  ; 
whilst  in  the  human  infant  the  corresponding  fibres  do  not  obtain  their  medullary  sheaths  until 
after  birth.  The  study  of  the  dates,  therefore,  at  which  the  various  strands  of  nerve-fibres 
myelinate  not  only  gives  the  anatomist  a  means  of  locating  their  position  in  the  white  matter  of 
the  cord,  but  it  also  affords  the  j^hysiologist  most  important  information  regarding  their  functions, 
and  also  the  periods  at  which  these  functions  are  called  into  play. 

It  is  a  matter  of  interest  to  note  that  influences  which  either  accelerate  or  retard  the  j)eriods 
at  which  nerve  filjres  are  brought  into  functional  activity  have  also  an  effect  in  determining  the 
dates  at  which  these  fibres  assume  their  sheaths  of  myelin.  Thus,  when  a  child  is  prematurely 
born  the  whole  process  of  myelinisation  is,  as  it  were,  hurried  up  ;  and  further,  when  in  new 
born  animals  light  is  freely  admitted  to  one  eye  whilst  it  is  carefully  excluded  from  the  other, 
the  fibres  of  the  optic  nerve  of  tlie  former  myelinate  more  rapidly  than  those  of  the  opposite  nerve. 

Posterior  Column  of  the  Cord  and  the  Posterior  Roots  of  the  Spinal 
Nerves. — In  the  cervical  and  upper  dorsal  regions  of  the  cord  the  posterior  column 
is  divided  by  the  posterior  paramedian  septum  into  the  tract  of  Burdach,  which 
lies  externally  and  next  the  posterior  horn  of  gray  matter,  and  the  tract  of  G-oll, 
which  lies  internally  and  next  the  postero-median  septum.  The  tract  of  Burdach 
is  composed  of  nerve-fibres,  which  are  for  the  most  part  larger  than  those  entering 
into  the  formation  of  Goll's  tract,  and  both  tracts  have  a  most  intimate  relation 
to  the  posterior  nerve-roots ;  indeed,  they  are  both  almost  entirely  composed  of 
fibres  which  enter  the  cord  by  these  roots  and  then  pursue  a  longitudinal  course. 

The  nerve-fibres  which  form  the  posterior  nerve-roots,  on  entering  the  cord  along  the 
postero-lateral  groove,  divide  within  the  tract  of  Burdach  into  ascending  and  descending 
branches.  These  branches  diverge  abruptly  from  each  other ;  and  the  former  take  an 
upward  course,  whilst  the  latter  proceed  downwards.  The  descending  fibres  are  as  a  rule 
short,  and  soon  end  in  the  gray  matter  of  the  cord.  These  descending  fibres  occupy  an 
area  in  the  posterior  column  near  to  the  place  of  entrance  of  the  nerve-root.  This  area, 
when  the  spinal  cord  is  divided,  undergoes  descending  degeneration  and  then  presents  a 
comma-shaped  outline.  The  fibres  in  question  are  included  under  the  name  of  the  comma 
tract  of  Schultze. 

The  ascending  fibres  vary  greatly  in  length,  and  at  varying  distances  from  the  point 
where  the  parent  fibres  enter  the  cord  they  end  in  the  gray  matter.  A  small  contribution 
of  ascending  fibres,  however,  from  each  posterior  nerve-root,  extends  upwards  to  the  upper 
end  of  the  cord,  to  end  in  the  medulla  oblongata. 

As  each  posterior  nerve-root  enters,  its  fibres  range  themselves  in  the  outer  part  of 


COMPONENT  PAETS  OF  WHITE  MATTER  OF  SPINAL  CORD.  467 


the  tract  of  Bnrdach  close  up  against  the  posterior  horn  of  gray  matter.    The  nerve- 

The  oval  field  of  Flochsiff  Comma  tract  of  Schultze 


375. — Diagram  to  show  the  Arrangkment  of  the  Fibres  of  the  Posterior  Nerve -Roots  in 
THE  Posterior  Columns  of  the  Cord.  The  oval  field  of  Flechsig  is  present  in  the  lumbar  region 
and  is  composed  of  fibres  which  degenerate  in  a  downward  direction,  and  which  are  not  derived  from 
the  posterior  nerve-roots.    In  all  probaljility  they  are  commissural  fibres  (from  Edinger,  modified). 

fibres  of  the  nerve-root  next  above  take  the  same  position,  and  consequently  those  which 
entered  from  the  nerve  immediately  below  are  displaced 
inwards,  and  come  to  lie  in  the  tract  of  Burdach  nearer 
to  the  mesial  plane.  This  process  goes  on  as  each 
nerve-root  enters,  and  the  result  is  that  the  fibres  of 
the  lower  nerves  are  gradually  pushed  nearer  and  nearer 
to  the  postero-median  septum  in  a  successive  series  of 
lamellar  tracts.  Of  course  the  greater  proportion  of 
the  fibres,  which  are  thus  carried  upwards  from  the 
posterior  nerve-roots,  sooner  or  later  leave  the  posterior 
column  and  enter  the  gray  matter,  to  end  there  in  relation 
to  some  of  its  cells ;  but,  as  we  have  said,  every  posterior 
nerve-root  sends  a  few  fibres  up  the  whole  length  of  that 
portion  of  the  cord  which  lies  above,  and  thus  the  posterior 
column  gradually  increases  in  bulk  as  it  is  traced  upwards, 
and  in  the  upper  reaches  of  the  cord  a  tract  of  Goll 
becomes  evident.  This  tract  of  Goll  is  composed  of  the 
long  ascending  fibres  of  the  posterior  nerve-roots,  which 
have  entered  the  lower  segments  of  the  cord.  To  put 
the  matter  difterently,  the  fibres  of  the  sacral  roots 
are  displaced  inwards  by  the  entering  lumbar  fibres, 
while  the  fibres  of  the  lumbar  roots  are  in  their  turn 
pushed  inwards  by  the  entering  dorsal  fibres,  and,  lastly, 
the  fibres  of  the  cervical  roots  displace  the  dorsal  fibres. 
The  difference  between  the  tract  of  Goll  and  the  tract  of 
Burdach  simply  consists  in  this,  that  the  former  is  com- 
posed of  the  fibres  of  posterior  nerve-roots  which  have 
entered  the  cord  at  a  lower  level  than  those  which  enter 
into  the  formation  of  the  column  of  Burdach.  The 
fibres  of  Goll's  tract,  taking  them  as  a  whole,  must  there- 
fore necessarily  run  a  very  much  longer  course. 

Our  knowledge  of  the  constitution  of  the  posterior 
columns  of  the  cord  is  largely  derived  from  studying 
the  course  of  degeneration  in  monkeys,  in  which  the  cord 
has  been  cut  across — either  partially  or  completely.  It 
would  appear,  from  the  examination  of  the  human  cord  Fig.  376.— Diagram  to  show  the 

which  has  been  injured  or  compressed,  that  the  lamination  ^^^^^^      ^^J,^^  ™^  ^^^^^^  «^ 

s.  ^1    ni           .    ■      c        ,1         •      n       ,    •                   ,  THE  Posterior  Nerve-Roots  ENTER 

ot  the  fibres  entering  from  the  series ot  posterior  nerve-roots  ^j^^  ascend  in  the  Posterior 

is  not  nearly  so  complete  as  in  the  case  of  the  monkey.  Column  of  the  Cord  (from  Edinger). 


468 


THE  NEEVOUS  SYSTEM. 


Numerous  collateral  fibrils  stream  into  the  gray  matter  of  the  posterior  horn  both 
from  the  ascending  and  descending  branches  of  the  entering  fibres  of  the  posterior  nerve- 
roots.  These  are  classified  into  long  and  short  collaterals.  The  long  collaterals  extend 
forward  into  the  anterior  horn  of  gray  matter  and  end  in  relation  to  the  ventral  nerve- 
cells.  The  short  collaterals  end  in  relation  to  the  nerve-cells  in  the  substantia  Eolandi, 
and  other  nerve-cells  of  the  posterior  horn  of  gray  matter. 

The  majority  of  the  fibres  of  the  posterior  nerve-root  enter  the  cord  on  the  inner  side 
of  the  apex  of  the  posterior  horn  of  gray  matter.  The  manner  in  which  these  are  related 
to  the  columns  of  Burdach  and  Goll  has  been  noticed  ;  but  a  certain  number  of  those  fibres 
which  lie  most  externally  take  a  curved  course  forwards  on  the  inner  side  of  the  posterior 
horn  of  gray  matter  and  then  pass  into  it.  In  the  dorsal  region  these  curved  fibres  end  in 
connexion  with  the  cells  of  Clarke's  column  (Fig.  369,  p.  458). 

Tract  of  Lissauer. — This  is  a  small  tract  of  nerve-fibres  of  minute  calibre  which 
assume  their  medullary  sheaths  at  a  comparatively  late  period.  It  is  placed  at  the 
surface  of  the  cord  close  to  the  postero-lateral  furrow.  It  is  formed  by  some  of  the 
outer  fibres  of  the  posterior  nerve-roots,  which  do  not  enter  the  tract  of  Burdach,  and 
which  pass  upwards  in  the  cord  close  to  the  substantia  gelatinosa  Eolandi,  in  which  they 
ultimately  end. 

It  must  now  be  evident  that  the  fibres  which  enter  the  cord  through  each  posterior  nerve-root 
have  three  main  modes  of  distribution  :  (1)  the  majority  take  part  in  the  formation  of  the  columns 
of  Burdach  and  Goll  ;  (2)  a  few  lie  close  to  the  posterior  horn  of  gray  matter  and  describe  a  series 
of  graceful  curves  as  tb  ey  jDass  forwards  prior  to  turning  outwards  into  the  gray  matter,  to  end,  in 
the  dorsal  region,  in  Clarke's  vesicular  column  ;  (3)  a  third  series  form  Lissauer's  tract  and  end  in 
connexion  with  the  cells  of  the  substantia  gelatinosa  Eolandi  and  other  cells  in  the  j^osterior  and 
anterior  horns  of  gray  matter. 

The  fibres  derived  from  the  posterior  nerve-roots  which  ascend  in  the  posterior  columns  of  the 
cord  to  the  medulla  oblongata  of  the  brain  constitute  a  direct  sensory  tract ;  other  fibres  are 
described  which  give  rise  to  a  crossed  sensory  tract  termed  the  spino-thalamic  tract.  These 
latter  fibres  arise  as  the  axons  of  certain  of  the  cells  in  the  posterior  horn  in  connexion  with 
which  fibres  from  the  posterior  nerve-roots  have  ended,  and  crossing  to  the  oj^posite  side  of 
the  cord  thro  ugh  the  anterior  commissure  they  ascend  in  the  anterolateral  column  to  the  brain, 
where  they  ultimately  reach  the  optic  thalamus.  As  the  siDino-thalamic  tract  ascends  in  the 
cord  its  fibres  are  not  gathered  into  a  comj^act  strand,  but  are  more  or  less  loosely  scattered 
in  the  lateral  column. 

Association  Fibres  in  the  Posterior  Column. — But  the  whole  of  the  fibres  of  the 
posterior  column  are  not  derived  from  the  posterior  nerve-roots.  A  few  fibres  exist  in 
this  column  which  have  a  different  origin.  They  are  derived  from  certain  of  the  cells  of 
the  gray  matter  of  the  cord,  and  entering  the  posterior  column  divide  into  ascending  and 
descending  branches  which  pass  upwards  and  downwards  in  the  column  for  a  varying 
distance  before  they  finally  turn  in  to  end  in  the  gray  matter  at  a  higher  and  a  lower  level. 
These  fibres,  therefore,  constitute  links  of  connexion  between  different  cord  segments,  and 
thus  they  are  termed  association  or  longitudinal  commissural  fibres.  Our  information 
regarding  these  fibres  at  present  is  somewhat  defective  ;  but  it  is  believed  that  the  deepest 
part  of  the  column,  i.e.  the  part  next  the  posterior  gray  commissure  and  termed  the 
ventral  field,  and  also  the  descending  septo-marginal  tract  of  Bruce,  placed  in  apposition 
with  the  postero-median  septum  and  in  the  adjoining  part  of  the  surface,  belong  mainly  to 
this  category. 

Lateral  Column  of  the  Cord. — In  the  lateral  column  of  the  cord  the  well- 
established  tracts  are : — 

1.  The  direct  cerebellar  tract. 

2.  The  tract  of  Gowers. 

3.  The  crossed  pyramidal  tract. 

The  remainder  of  the  column  goes  under  the  name  of  the  lateral  basis-bundle. 

The  direct  cerebellar  tract  (fasciculus  cerebello-spinalis)  is  a  band-like  strand 
which  lies  in  relation  to  the  surface  of  the  cord  immediately  in  front  of  the  postero- 
lateral groove.  It  is  an  ascending  tract,  and  is  composed  for  the  most  part  of 
coarse,  large  nerve-fibres,  which  are  derived  from  the  nerve-cells  of  the  posterior 
vesicular  column  (Clarke's  column)  in  the  posterior  horn  of  gray  matter.  It  is, 
therefore,  not  found  throughout  the  whole  length  of  the  cord.  It  first  appears  in 
the  lower  part  of  the  dorsal  region ;  and  as  it  ascends  it  gradually  increases  in  size 
as  it  is  joined  by  the  axons  of  the  cells  of  Clarke's  column,  which  lie  at  higher 
levels.  It  finally  enters  the  medulla  oblongata,  and  through  this  proceeds  to  the 
cerebellum,  in  which  it  ends. 
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It  must  not  be  forgotten  tliat  each  posterior  nerve -root  in  the  dorsal  region  of  the  cord  gives 
a  contribution  of  fibres  to  the  posterior  vesicular  column  of  cells  from  which  the  fibres  of  the  direct 
cerebellar  tract  arise  (see  p.  468).  In  this  way  a  connexion  is  established  between  the  posterior 
roots  of  the  dorsal  nerves  and  the  cortex  of  the  cerebellum.  It  is  believed  that  the  direct  cerebellar 
tract  is  an  important  factor  in  bringing  about  a  proj)er  co-ordination  of  muscular  movements. 

Gowers's  tract  (fasciculus  antero-lateralis  super ficialis)  lies  in  front  of  the  direct 
cerebellar  tract,  and,  like  it,  next  the  surface  of  the  lateral  column.  It  is  also  an 
ascending  tract,  and  it  likewise  (in  part  at  least)  ultimately  reaches  the  cerebellum, 
although  after  leaving  the  cord  it  takes  a  different  route  to  gain  its  destination. 
In  transverse  sections  of  the  cord  it  presents  a  comma- shaped  appearance,  the 
thick  part  abutting 
against  the  direct  cere- 
bellar tract,  and  the 
narrower  portion  taper- 
ing forwards  into  the 
region  of  the  emerging 
anterior  nerve-roots. 
The  tract  of  Gowers 
begins  at  a  lower  level 
in  the  cord  than  the 
direct  cerebellar  tract 
and  it  increases  in  vol- 
ume as  it  is  traced  up- 
wards. The  fibres  of 
this  tract  have  probably 
their  origin  in  the  cells 
of  the  posterior  horn  of 
gray  matter,  but  on  this 
point  there  is  at  present 
no  precise  information. 

The  crossed  pyramidal 
tract  (fasciculus  cerebro- 
spinalis  lateralis)  is  a 
large  well-defined  de- 
scending tract,  which  lies  immediately  in  front  of  the  posterior  horn  of  gray 
matter  and  subjacent  to  the  direct  cerebellar  tract,  which  shuts  it  out  from 
the  surface  of  the  ccrd.  Below  the  point  where  the  direct  cerebellar  tract  begins 
the  crossed  pyramidal  tract  becomes  superficial,  and  in  this  position  it  can  be 
traced  as  low  as  the  fourth  sacral  nerve,  at  which  level  it  ceases  to  exist  as  a 
distinct  strand.  The  crossed  pyramidal  tract  is  composed  of  an  admixture  of  both 
large  and  small  fibres.  These  arise  in  the  brain  from  the  large  pyramidal  cells 
of  the  motor  or  Rolandic  area  of  the  cerebral  cortex,  and  pass  downwards  through 
various  subdivisions  of  the  brain  to  gain  the  spinal  cord.  As  they  enter  the  cord 
they  cross  the  mesial  plane  from  one  side  to  the  other,  and  it  thus  happens  that 
the  crossed  pyramidal  tract  in  the  right  lateral  column  of  the  cord  has  its  origin 
in  the  cortex  of  the  left  cerebral  hemisphere,  and  vice  versa.  As  the  tract  descends 
in  the  cord  it  gradually  diminishes  in  size ;  and  this  is  due  to  the  fact  that,  as  it 
traverses  each  spinal  segment,  numerous  fibres  leave  it  to  enter  the  anterior  horn 
of  gray  matter,  and  end  in  connexion  with  the  ventral  motor  cells  from  which  the 
fibres  of  the  anterior  nerve-roots  arise.  The  entire  strand  is  ultimately  exhausted 
in  this  way.  Numerous  collateral  fibrils  spring  from  the  pyramidal  fibres,  and, 
entering  the  gray  matter,  end  in  a  similar  manner,  and  in  this  way  a  single  pyra- 
midal fibre  may  be  connected  with  several  spinal  segments  before  it  finally  ends. 
The  crossed  pyramidal  tract  must  be  regarded  as  a  great  motor  strand  which 
brings  the  spinal  motor  apparatus  under  the  control  of  the  will. 

Schafer  believes  that  many  of  the  pyramidal  fibres  end  in  connexion  with  the  cells 
of  Clarke's  column. 

In  the  rat,  mouse,  guinea-pig,  squirrel,  sheep,  kangaroo,  etc.,  the  pyramidal  tract  lies 
in  the  posterior  column  of  the  cord. 
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The  lateral  basis-bundle  (fasciculus  lateralis  proprius)  represents  the  remainder 
of  the  lateral  column.  Our  information  regarding  it  is  still  imperfect;  but  it 
would  appear  that  its  fibres  are  largely  derived  from  the  cells  situated  in  all  parts 
of  the  gray  matter,  and  also  from  the  nerve-cells  of  the  opposite  side  of  the  cord. 
After  a  coarse  of  very  varying  length  in  the  basis-bundle,  these  fibres  turn  inwards 
and  re-enter  the  gray  matter.  Such  fibres  may  thus  be  regarded  as  inter- segmental 
association  fibres  binding  two  or  more  segments  of  the  cord  together.  It  may  be 
mentioned  that  the  association  fibres  which  link  together  segments  of  the  cord 
which  are  near  to  each  other  lie  close  to  the  gray  matter,  whilst  those  which 
connect  the  more  distant  segments  are  situated  further  out  in  the  lateral 
basis-bundle. 

Anterior  Column  of  the  Cord. — One  well-defined  tract  is  situated  in  the 
anterior  column.  This  is  termed  the  direct  pyramidal  tract.  The  remainder  of 
the  column  receives  the  name  of  the  anterior  basis-bundle. 

The  direct  pyramidal  tract  (fasciculus  cerebro-spinalis  anterior)  is  usually  a 
nerve-strand  of  small  size  which  lies  next  the  antero-median  fissure.  As  a  rule, 
it  cannot  be  traced  lower  than  the  middle  of  the  dorsal  region  of  the  cord.  It  is 
a  descending  tract  and  must  be  associated  with  the  crossed  pyramidal  tract  of  the 
opposite  side,  seeing  that  both  of  these  strands  arise  from  the  motor  area  of  the 
cortex  of  the  same  cerebral  hemisphere.  From  this,  it  must  be  clear  that  the 
direct  pyramidal  tract  does  not  cross  the  mesial  plane  as  it  enters  the  cord,  but 
descends  on  the  side  of  the  cord  corresponding  to  the  cerebral  hemisphere  in 
which  it  arises.  All  the  same  its  fibres  do  not  end  in  the  same  side  of  the 
cord,  but  at  every  step  along  the  path  of  the  strand  they  make  use  of  the  anterior 
commissure  and  cross  to  the  opposite  side  of  the  cord,  to  terminate  in  relation 
to  the  opposite  ventral  motor  cells  in  the  same  manner  as  the  crossed  pyramidal 
fibres. 

From  this  crossing  of  tlie  pyramidal  tracts,  it  results  that  the  destruction  of  the  fibres  which 
compose  them  as  they  descend  in  one  side  of  the  brain  must  result  in  paralysis  of  the  muscles 
supplied  by  the  efferent  nerves  of  the  opj)osite  side  of  the  cord. 

In  cases  of  old  brain  lesion  it  is  sometimes  possible  to  detect  some  degenerated  fibres  in  the 
crossed  pyramidal  tract  of  the  sound  side  of  the  spinal  cord,  and  from  this  it  is  suj)i30sed  that  this 
tract  contains  a  few  uncrossed  fibres.  If  this  be  the  case,  each  side  of  the  cord  stands  in 
connexion  with  the  motor  area  of  both  cerebral  hemispheres. 

It  is  well  to  note  that  the  fibres  of  both  pyramidal  tracts  are  not  meduUated  until  the  time  of 
birth.    They  are  the  latest  of  all  the  cord-tracts  to  myelinate. 

The  anterior  basis-bundle  (fasciculus  anterior  proprius),  like  the  lateral  basis- 
bundle,  is  composed  largely  of  fibres  which  arise  from  the  cells  of  the  gray  matter 
of  the  cord,  and  act  the  part  of  intersegmental  association  fibres. 

Summary  of  the  Constitution  of  the  White  Matter  of  the  Cord. — The 
white  columns  of  the  cord  are  formed  of  two  kinds  of  nerve-fibres  : — 

1.  Those  which  enter  the  cord  from  without. 

2.  Those  which  take  their  origin  from  the  cells  within  the  gray  matter  of  the 
cord  itself. 

Under  the  first  category  we  include  (a)  the  greater  part  of  the  fibres  of  the 
posterior  column  (columns  of  Burdach  and  GoU),  which  arise  from  the  cells  of  the 
spinal  ganglia,  and  which  enter  the  cord  as  the  posterior  nerve-roots ;  and  (b)  the 
crossed  and  direct  pyramidal  tracts  which  come  from  the  motor  cells  of  the  cerebral 
cortex. 

The  fibres  which  arise  within  the  gray  matter  of  the  cord  may  be  classified 
thus :  (a)  Fibres  which  pass  out  from  the  cord  as  efferent  nerves  (anterior  nerve- 
roots)  ;  (b)  fibres  which  form  long  tracts  and  pass  up  the  cord  to  enter  the  brain 
(direct  cerebellar  tract  and  the  tract  of  Gowers) ;  (c)  fibres  which  form  short  tracts, 
linking  together  different  segments  of  the  cord  (intersegmental  association  fibres  in 
each  of  the  three  columns  of  the  cord). 

Anterior  White  Commissure. — The  anterior  commissure  is  composed  of 
medullated  nerve-fibres  passing  from  one  side  of  the  cord  to  the  other  and  entering 
the  anterior  horn  of  gray  matter,  and  also  the  anterior  column  of  white  matter.  It 
is  to  be  regarded  more  as  a  decussation  than  as  a  commissure,  and  its  width,  which 
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varies  somewhat  in  different  regions,  fluctuates  in  correspondence  with  the  diameter 
of  the  cord. 

Amongst  the  fibres  which  cross  in  the  anterior  commissure  may  be  mentioned  :  (1)  The  fibres 
of  the  direct  pyramidal  tract ;  (2)  collaterals  from  both  the  ventral  and  lateral  columns  ;  (3)  axons 
of  many  of  the  cells  of  the  gray  matter  ;  (4)  the  dendritic  processes  of  some  of  the  mesial  ventral 
cells. 

Posterior  Gray  Commissure. — Although  this  is  composed  of  gray  matter  with 
a  large  admixture  of  neuroglia,  numerous  transverse  nerve-fibres  pass  through  it,  so 
as  to  bind  the  cells  of  one  side  of  the  cord  to  those  of  the  other. 


Development  of  the  Spinal  Cord. 


MID-DORSAL  LAMINA 


MYELO- 

SPONIGIUM 


In  the  chapter  upon  General  Embryology  it  has  been  pointed  out  (p.  21)  that  the 
brain  and  cord  first  take  shape  in  the  form  of  a  tube  of  ectoderm,  which  receives  the  name 
of  the  neural  tube.  Three  expansions,  placed  one  behind  the  other  at  the  cephalic  end  of 
the  tube,  represent  the  early  brain ;  whilst  behind  these  primitive  cerebral  vesicles  comes 
the  elongated  narrower  part  of  the  tube,  which  at  this  stage  represents  the  spinal  cord. 
By  a  developmental  process,  which  we  now  have  to  study,  the  walls  of  this  portion  of  the 
neural  canal  give  rise  to  the  various  elements  which  build  up  the  substance  of  the  cord, 
whilst  a  portion,  if  not  the  whole,  of  the  primitive  cavity  is  preserved  as  the  central  canal 
of  the  cord.  The  account  which  is  here  given  of  the  development  of  the  cord  is  taken 
almost  entirely  from  the  writings  of  Professor  His. 

When  first  formed,  the  neural  tube  is  compressed  from  side  to  side  and  presents  an  oval 
outline  in  transverse  section  (Fig.  16,  p.  21).  The  two  lateral  walls  are  very  thick,  whilst 
the  narrow  dorsal  and  ventral  portions  of  the  wall  are  thin,  and  are  termed  the  mid-dorsal 
and  mid-ventral  laminae  (Fig.  378).  The  cavity  of  the  tube  in  transverse  section  appears  as 
a  narrow  slit.  At  this  stage  the  wall  of  the  neural  tube  is  formed  of  a  series  of  elongated 
neuro-epithel'ial  columnar  cells,  closely  applied  to  each  other  and  extending  throughout  the 
whole  thickness  of  the  wall.  The 
inner  ends  of  these  long  columnar 
cells  unite  to  form  a  delicate  mem- 
brane termed  the  internal  limiting 
membrane,  which  lines  the  lumen  of 
the  tube,  whilst  their  outer  ends 
present  a  similar  relation  to  an  ex- 
ternal limiting  membrane,  which 
invests  the  outer  surface  of  the  tube. 
The  name  of  spongioblasts  is  given 
to  these  cells,  and  they  soon  develop 
in  such  a  manner  as  to  form  the 
sustentacular  framework  of  the 
growing  cord.  Between  their  inner 
parts,  immediately  subjacent  to  the 
internal  limiting  membrane,  a  series 
of  clefts  or  open  spaces  are  formed, 
in  which  appear  large  numbers  of 
round  cells  called  germinal  cells. 
The  precise  origin  of  these  germinal 
cells  is  not  at  present  satisfactorily 
established ;  but  they  rapidly  in- 
crease in  number,  and  in  the  human 
embryo  of  four  weeks  they  are  seen 
to  form  an  almost  continuous  layer 
beneath  the  internal  limiting  mem- 
brane. It  is  well  to  note,  however, 
that  in  the  thin  mid-dorsal  and  mid- 
ventral  laminae  no  germinal  cells  are 
formed.  Here  the  wall  remains 
purely  spongioblastic.  The  peri- 
pheral portions  of  the  spongioblasts  likewise  undergo  a  marked  transformation.  They 
give  off'  branches  or  processes,  and  by  the  interlacement  of  these  a  sponge-like  network 
with  irregular  meshes  is  formed  in  the  outer  portion  of  the  wall  of  the  neural  tube.  The 
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Fi(!.  378. — Schema  of  a  Transverse  Section  through  the 
Early  Neural  Tube  (Young). 

The  left  side  of  tlie  section  sliows  an  earlier  stage  than 
the  right  side. 
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entire  sustentacular  framework  into  which  the  spongioblasts  are  developed  is  termed 
the  myelosponge. 

The  numerous  germinal  cells  which  are  placed  in  the  clefts  between  the  inner 
columnar  portion  of  the  myelosponge  are  the  progenitors  of  the  nerve-cells.  Many  of 
them  show  karyokinetic  stages,  and  by  their  division  they  give  rise  to  the  neuroblasts  or 
young  nerve-cells.  A  neuroblast  presents  a  very  characteristic  pear-shaped  appearance. 
From  the  body  of  the  cell  a  tapering  process  grows  out,  and  this  represents  the  early  axis- 
cylinder  process  or  axon  of  the  cell.  But  the  crowds  of  neuroblasts  which  are  thus  formed 
do  not  remain  in  their  early  primitive  position  beneath  the  internal  limiting  membrane. 
They  migrate  outwards,  and  in  the  course  of  time  they  come  to  lie  in  the  part  of  the 
myelosponge  immediately  adjoining  the  reticular  meshwork,  which  is  formed  by  the  outer 
parts  of  the  spongioblasts.  Here  their  further  outward  migration  is  arrested.  The 
reticular  meshwork  would  almost  appear  to  act  as  a  sieve  or  a  filter,  which  prevents  their 
progress  towards  the  periphery  of  the  wall  of  the  tube.  It  offers  no  impediment  to  the 
actively  growing  axons  of  the  neuroblasts,  however,  which  freely  enter  it  and  thread  their 
way  through  it.  At  this  stage  the  thick  lateral  wall  of  the  neural  tube  presents  three 
layers,  viz.  : — 

1.  An  inner  layer,  formed  by  the  columnar  part  of  the  myelosponge  forsaken  by  the 
neuroblasts.  This  is  termed  the  ependymal  layer,  and  it  ultimately  resolves  itself  into 
the  layer  of  columnar  ciliated  epithelial  cells  which  lines  the  central  canal  of  the  cord. 

2.  An  intermediate  layer,  in  which  the  neuroblasts  are  present,  and  which  is  afterwards 
converted  into  the  gray  matter  of  the  cord.    This  is  called  the  mantle  layer. 

3.  An  outer  layer,  formed  of  the  sponge-like  meshwork  of  the  outer  parts  of  the 
original  spongioblasts.  Into  this  the  axons  of  many  of  the  neuroblasts  are  seen  threading 
their  way.  This  layer  is  ultimately  transformed  into  the  white  matter  of  the  cord,  and 
at  this  stage  it  may  be  termed  the  peripheral  reticular  layer. 

Alar  and  Basal  Laminae  of  the  Lateral  Wall  of  the  Neural  Tube. — From 
what  has  been  said,  it  must  be  evident  that  the  changes  detailed  above  are  confined  to 
the  thick  lateral  walls  of  the  neural  tube.  In  these  alone  do  neuroblastic  cells  arise, 
whilst  the  thin  mid-dorsal  and  mid-ventral  laminae  remain  spongioblastic  throughout. 
But  whilst  these  changes  are  going  on,  the  thick  lateral  wall  begins  to  bulge  outwards  in 
an  angular  fashion,  so  as  to  widen  the  central  cavity  of  the  tube  and  become  itself,  along 
the  line  where  the  cavity  is  widest,  demarcated  into  two  portions — a  narrow^  dorsal  strip 
termed  the  alar  lamina,  and  a  broader  ventral  strip  called  the  basal  lamina.    The  cavity 
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Three  Stages  in  the  Development  of  the  Spinal  Cord  (Hif^ 
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of  the  tube  now  appears  on  transverse  section  more  or  less  lozenge-shaped,  and  it  is  at  the 
lateral  angles  of  the  lozenge  that  this  subdivision  of  the  lateral  wall  becomes  evident. 

This  subdivision  is  a  fundamental  one,  being  present  in  the  brain-part  as  well  as  the 


DEVELOPMENT  OF  THE  SPINAL  COED. 


473 


cord-part  of  the  neural  tube.  By  it  the  thick  lateral  wall  is  resolved  into  two  longitudinal 
strips  (the  alar  and  basal  laminae),  which  extend  along  the  whole  length  of  the  tube,  and 
which  present  definite  and  precise  relations  with  the  entering  and  emerging  roots  of  the 
various  cranial  and  spinal  nerves.  Confining  our  attention  to  the  spinal  cord,  the  posterior 
nerve-root  is  seen  to  enter  the  alar  lamina,  whilst  the  anterior  nerve-root  takes  origin 
within  and  emerges  from  the  basal  lamina. 

Further  Development  of  the  Gray  and  White  Matter  of  the  Cord. — In  the 
ventral  part  of  the  basal  lamina  the  mantle  layer  thickens  into  a  mass,  wliich  is  readily 
recognised  as  the  rudiment  of  the  anterior  horn  of  gray  matter,  and  in  this  neuroblastic 
cells  congregate  in  much  larger  numbers  than  elsewhere.  Further,  these  neuroblastic 
cells  begin  to  arrange  themselves  into  groups,  and  the  axis-cylinder  processes  of  a  large 
proportion  of  them  converge  and  form  bundles  of  fibres,  which  penetrate  into  the  peri- 
pheral layer,  and  finally  pierce  the  external  limiting  membrane,  to  emerge  as  the  fascicles 
of  the  anterior  nerve-roots.  Behind  the  anterior  horn  the  mantle  layer  still  remains  very 
thin,  and  the  neuroblasts  are  few  in  number.  There  is,  therefore,  at  this  stage  no  appear- 
ance of  the  posterior  horn  of  gray  matter.  Many  of  the  axons  of  the  neuroblasts  which 
occupy  this  region  are  seen  curving  forwards,  and,  after  traversing  the  anterior  horn,  they 
find  their  way  across  the  middle  line  in  the  mid-ventral  lamina.  In  this  manner  is  laid 
down,  at  a  very  early  stage,  the  rudiment  of  the  anterior  white  commissure  of  the  cord. 

The  white  matter  of  the  anterior  and  lateral  columns  is  gradually  established  by  axons 
from  various  neuroblasts  in  different  parts  of  the  mantle  layer,  entering  the  peripheral 
reticular  layer  and  taking  a  longitudinal  course  within  it.  The  anterior  horn  is  well 
coated  with  white  matter,  however,  before  the  lateral  column  takes  definite  shape. 

The  posterior  columns  of  white  matter  are  formed  in  a  totally  difi'erent  manner,  viz. 
by  the  introduction  into  the  cord  of  nerve-fibres  from  without.  The  fibres  of  the  posterior 
nerve-roots  coming  from  the  spinal  ganglia  strike  the  outer  surface  of  the  alar  lamina  of 
the  lateral  wall  of  the  neural  tube,  and,  piercing  the  external  limiting  membrane,  take  a 
longitudinal  course  in  the  peripheral  reticular  layer.  On  cross  section  these  fibres  first 
appear  as  an  oval  bundle,  which  lies  in  the  outer  part  of  the  alar  lamina  (Fig.  379  Pc). 
This  bundle  is  the  rudiment  of  Burdach's  column,  and  at  first  it  has  a  somewhat  loose 
connexion  with  the  cord ;  but  as  the  posterior  horn  of  gray  matter  gradually  takes 
shape,  the  bundle  in  question  increases  in  volume,  and,  changing  its  position,  comes  to  lie 
on  the  inner  aspect  of  the  posterior  horn.  The  column  of  Goll  gradually  assumes  form 
between  the  tract  of  Burdach  and  the  postero-median  septum.  Later  on  the  lateral  and 
anterior  columns  are  increased  in  bulk  by  the  descent  into  them  of  the  pyramidal  tracts 
from  the  brain. 

The  gray  matter,  in  the  first  instance,  is  chiefly  massed  in  the  basal  lamina ;  but  as 
the  posterior  columns  of  white  matter  begin  to  take  shape  it  extends  backward,  and  in 
the  course  of  time  the  posterior  horns  are  developed. 

The  manner  in  which  the  dendritic  processes  of  the  neuroblasts  are  developed  has 
been  sufficiently  described  (p.  447).  The  ensheathment,  also,  of  the  axons  by  medulla 
has  been  referred  to,  and  the  fact  that  the  different  tracts  of  fibres  receive  their  medullary 
sheaths  at  different  periods  mentioned.  It  is  now  only  necessary  to  state  that  the  order 
of  myelinisation  of  the  several  tracts  is  as  follows  (1)  Fibres  of  the  anterior  nerve-roots ; 
(2)  tract  of  Burdach ;  (3)  fibres  in  the  basis-bundles ;  (4)  tract  of  Goll ;  (5)  direct  cere- 
bellar tract ;  (6)  tract  of  Gowers ;  (7)  pyramidal  tracts  (Kahler). 

Development  of  the  Median  Fissures  and  of  the  Central  Canal. — As  the 
anterior  horns  of  gray  matter  covered  by  the  anterior  columns  of  white  matter  increase  in 
size,  the  anterior  surface  of  the  cord  on  either  side  of  the  mesial  plane  bulges  forwards, 
and  the  antero-median  fissure  is  produced  as  the  natural  result. 

The  manner  in  which  the  postero-median  fissure  comes  into  existence  is  not  fully 
understood,  but  the  majority  of  embryologists  believe  that  it  is  produced  by  the  approxi- 
mation and  fusion  of  the  walls  of  the  posterior  part  of  the  primitive  cavity  of  the  neural 
tube.    The  postero-median  septum  would  thus  appear  to  be  formed  of  spongioblastic  tissue. 

If  the  above  view  of  the  formation  of  the  postero-median  fissure  be  correct,  it  must 
be  evident  that  the  central  canal  of  the  cord  does  not  represent  the  whole  of  the  primitive 
cavity  of  the  early  neural  tube,  but  only  the  anterior  portion  of  it. 

Among  those  observers  who  do  not  hold  that  the  central  canal  and  posterior  fissure  have  this 
mode  of  origin  the  most  prominent  is  Professor  A.  W.  Robinson,  of  Birmingham  ;  and  he  has 
brought  forward  evidence  which  seems  to  indicate  that  it  is  doubtful  if  the  fusion  of  the  walls 
of  the  posterior  part  of  the  canal,  referred  to  above,  takes  place.  Certainly  the  arrangement  of 
the  ependymal  elements  of  the  postero-median  septum,  as  seen  in  the  preparations  of  Cajal 
and  v.  Lenhossek,  are  extremely  difficult  to  understand  on  the  fusion  theory.    They  run  in  the 
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antero-posterior  direction,  whereas,  if  fusion  has  taken  j)lace,  most  of  them  would  present  a 
transverse  arrangement,  and  thus  lie  at  right  angles  to  the  postero-median  septum. 

THE  BRAIN  OR  ENCEPHALON. 

The  brain  is  the  enlarged  and  greatly  modified  upper  part  of  the  cerebrospinal 
nervous  axis.  It  is  surrounded  by  the  same  membranes  that  envelop  the  spinal 
cord  (viz.  the  dura  mater,  the  arachnoid  mater,  and  the  pia  mater),  and  it  almost 
completely  fills  up  the  cavity  of  the  cranium.  So  closely,  indeed,  is  the  skull 
capsule  moulded  upon  the  brain  that  the  impress  of  the  latter  is  almost  everywhere 
evident  upon  the  deep  surface  of  the  cranial  wall.  The  relations,  therefore,  of 
cranium  to  brain  are  totally  different  from  those  presented  by  the  vertebral  canal 

Optic  tract 


Spinal  cord  (cul)  Hypoglossal  nerve 

Fig.  380. — The  Base  of  the  Brain  with  the  Cranial  Nerves  attached. 

to  the  spinal  cord.  As  we  have  noted,  the  cord  occupies  only  a  part  of  its  bony 
case ;  and  there  is  not  only  a  wide  and  roomy  space  between  the  arachnoid  mater 
and  pia  mater,  but  also  an  interval  of  some  width  between  the  dura  mater  and  the 
walls  of  the  vertebral  canal. 

General  Appearance  of  the  Brain. — When  viewed  from  above  the  brain 
presents  an  ovoid  figure,  the  broad  end  of  which  is  directed  backwards.  Its 
greatest  transverse  diameter  is  usually  found  in  the  neighbourhood  of  that  part 
which  lies  between  the  two  parietal  eminences  of  the  cranium.  The  only  parts 
which  are  visible  when  the  brain  is  inspected  from  this  point  of  view  are  the  two 
convoluted  cerebral  hemispheres.  These  present  an  extensive  convex  surface,  which 
is  closely  applied  to  the  deep  aspect  of  the  cranial  vault,  and  are  separated  from 
each  other  by  a  deep  median  cleft,  termed  the  great  longitudinal  fissure,  which 
extends  from  the  front  to  the  back  of  the  brain. 
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The  inferior  aspect  of  the  brain  is  usually  termed  the  "  base."'  It  presents  an 
uneven  and  irregular  surface,  which  is  more  or  less  accurately  adapted  to  the 
inequalities  on  the  floor  of  the  cranium.  Upon  this  aspect  of  the  brain  some  of 
its  main  subdivisions  may  be  recognised.  Thus  behind  is  seen  the  short  cylindrical 
portion,  called  the  bulb  or  medulla  oblongata,  through  which,  at  the  foramen  magnum, 
the  brain  becomes  continuous  with  the  spinal  cord.  The  bulb  lies  on  the  ventral 
aspect  of  the  cerebellum,  and  occupies  the  vallecula  or  hollow  which  intervenes 
between  the  two  cerebellar  hemispheres.  The  cerebellum  is  a  mass  of  considerable 
size  which  is  placed  below  the  hinder  portions  of  the  two  cerebral  hemispheres.  It 
is  easily  recognised  on  account  of  the  closely-set,  curved,  and  parallel  fissures  which 
traverse  its  surface  and  give  it  a  foliated  appearance.  Above  the  medulla,  and  in 
close  connexion  with  it,  is  a  prominent  white  elevation  called  the  pons  Varolii.  Im- 
mediately in  front  of  the  pons  there  is  a  deep  hollow  or  recess.  This  is  bounded 
behind  by  the  pons  Varolii,  on  either  side  by  the  projecting  temporal  lobe  of  the 
cerebral  hemisphere,  and  in  front  by  the  orbital  portions  of  the  frontal  lobes  of  the 
cerebral  hemispheres.  Passing  out  from  either  side  of  the  fore-part  of  this  recess  is 
the  deep  Sylvian  fissure  which  intervenes  between  the  pointed  and  projecting 
extremity  of  the  temporal  lobe  and  the  frontal  lobe  of  the  cerebrum,  whilst  in  the 
middle  line  in  front  the  great  longitudinal  fissure,  which  separates  the  frontal 
portions  of  the  cerebral  hemispheres,  opens  into  it. 

Within  the  limits  of  this  deep  hollow,  in  the  base  of  the  brain,  two  large  rope- 
like strands,  the  crura  cerebri,  may  be  seen  issuing  from  the  upper  aspect  of  the 
pons  Varolii.  Placed  close  together  as  they  emerge  from  the  pons,  these  crura 
diverge  as  they  proceed  upwards  and  forwards,  and  finally  each  disappears  by 
plunging  into  the  corresponding  side  of  the  cerebrum.  Turning  round  the  outer 
side  of  each  crus,  where  it  enters  the  cerebrum,  a  flattened  band  termed  the  optic 
tract  may  be  observed.  These  bands  converge  in  the  fore-part  of  the  hollow,  and 
are  finally  joined  together  by  a  short  commissural  portion,  termed  the  optic  chiasma. 
The  optic  nerve  is  continued  forwards  and  outwards,  on  either  side,  from  the  chiasma 
and  tract. 

The  crura  cerebri,  the  optic  tracts,  and  the  optic  chiasma  enclose  a  deep 
rhomboidal  or  lozenge-shaped  interval  on  the  base  of  the  brain,  which  is  termed 
the  interpeduncular  space.  Within  the  limits  of  this  area  the  following  parts  may 
be  seen  as  we  pass  from  behind  forwards  :  (1)  the  locus  perforatus  posticus  ;  (2)  the 
corpora  mammillaria :  (3)  the  tuber  cinereum  and  the  stalk  of  the  pituitary  body. 

At  its  posterior  angle,  immediately  in  front  of  the  pons  Varolii,  the  inter- 
peduncular space  is  very  deep  and  is  floored  by  a  layer  of  gray  matter,  which  is 
perforated  by  numerous  small  apertures.  This  is  the  locus  perforatus  posticus. 
Through  the  apertures  which  are  dotted  over  its  surface  the  small  postero-mesial 
basal  Ranches  of  the  posterior  cerebral  artgry  enter  the  brain. 

The  corpora  mammillaria  are  two  small  white  pea-like  eminences  placed  side  by 
side  in  front  of  the  locus  perforatus  posticus. 

The  tuber  cinereum  is  a  slightly  raised  field  of  gray  matter,  which  occupies  the 
interval  between  the  anterior  portions  of  the  optic  tracts  in  front  of  the  corpora 
mammillaria.  Springing  from  the  fore-part  of  the  tuber  cinereum,  immediately 
behind  the  optic  chiasma,  is  the  infundibulum.  Or  the  stalk  which  connects  the 
pituitary  body  with  the  base  of  the  brain. 

Outside  the  limits  of  the  fore-part  of  the  interpeduncular  space  there  is  on 
either  side  a  small  depressed  triangular  field  of  gray  matter,  which  leads  outwards 
into  the  Sylvian  fissure.  It  is  perforated  by  the  antero-mesial  and  the  antero- 
lateral groups  of  basal  arteries,  and  receives  the  name  of  the  locus  perforatus 
anticus.  / 

General  Connexions  of  the  Several  Parts  of  the  Brain. — The  medulla 
oblongata,  the  pons  Varolii,  and  the  cerebellum  occupy  the  posterior  cranial  fossa, 
and  they  are  separated  from  the  cerebral  hemispheres  which  lie  above  them  by  a 
partition  of  dura  mater,  termed  the  tentorium  cerebelli.  Further,  they  surround 
a  cavity,  a  portion  of  the  primitive  cavity  of  the  early  neural  tube,  which  is  termed 
the  fourth  ventricle  of  the  brain,  and  they  all  stand  in  intimate  connexion  with 
each  other.    The  medulla  is  for  the  most  part  carried  upwards  into  the  pons 
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Varolii ;  but  at  the  same  time  two  large  strands  from  its  dorsal  aspect,  termed  the 
restiform  bodies,  are  prolonged  into  the  cerebellum,  and  constitute  its  inferior 

peduncles,  or  the  chief  bonds  of  union 
between  the  medulla  and  the  cere- 
bellum. The  pons  Varolii  has  large 
numbers  of  transverse  fibres  enter- 
ing into  its  composition,  and  the 
great  majority  of  these  are  gathered 
together  on  either  side  in  the  form 
of  a  large  rope-like  strand.  This 
plunges  into  the  corresponding  hemi- 
sphere of  the  cerebellum,  and  con- 
stitutes its  middle  peduncle. 

The  cerebrum,  which  forms  the 
great  mass  of  the  brain,  occupies  the 
anterior  and  middle  cranial  fossae-, 
and  extends  backwards  into  the  oc- 
cipital region  above  the  tentorium 
and  the  cerebellum.  The  greater  part 
of  the  cerebrum  is  formed  by  the 
cerebral  hemispheres,  which  are 
separated  from  each  other  in  the 
mesial  plane  by  the  great  longi- 
tudinal fissure.  At  the  bottom  of  this  fissure  is  the  corpus  callosum,  a  broad 
commissural  band  which  connects  the  two  hemispheres  with  each  other.  Each 
hemisphere  is  hollow,  the  cavity  in  its  interior  being  termed  the  lateral  ventricle 
of  the  brain.  Between  and  below  the  cerebral  hemispheres,  and  almost  com- 
pletely concealed  by  them,  is  the  inter-brain  or  diencephalon.  The  principal  parts 
forming  this  portion  of  the  brain  are  two  large  masses  of  gray  matter,  termed 
the  optic  thalami.  Between  these  is  the  third  ventricle  of  the  brain — a  deep  narrow 
cavity  occupying  the  mesial  plane.  The  third  ventricle  communicates  with  the 
lateral  ventricles  by  two  small  apertures,  called  the  foramina  of  Monro. 

The  cerebrum  is  connected  with  the  parts  in  the  posterior  cranial  fossa  (pons 
Varolii,  cerebellum,  and  bulb)  by  a  narrow  stalk  called  the  mid -brain,  or 
mesencephalon.  The  mid-brain  is  built  up  of  the  crura  cerebri,  passing  from  the 
pons  Varolii  to  the  cerebrum  ;  the  corpora  quadrigemina,  forming  its  dorsal  part ;  and 
the  superior  cerebellar  peduncles,  proceeding  from  the  cerebellum  to  the  cerebrum. 
It  is  tunnelled  by  a  narrow  passage,  the  aqueduct  of  Sylvius,  which  extends  between 
the  fourth  and  third  ventricles. 


Fig.  381. 


Mesencephalon 

Superior  cerebellar  peduncle 

Middle  cerebellar  peduncle 
Inferior  cerebellar  peduncle 


-Schema,  showing  the  connexions  of  the  several 
parts  of  the  brain. 


General  Outline  of  the  Development  of  the  Brain. 

The  brain  is  developed  from  the  expanded  anterior  portion  of  the  primitive 
neural  tube.  In  the  section  dealing  with  the  general  principles  of  Embryology  it 
has  been  pointed  out  that  this  part  of  the  neural  tube  is  marked  off'  by  two  con- 
strictions into  three  primitive  cerebral  vesicles,  which  are  termed  respectively  the 
hind-brain  or  rhombencephalon,  the  mid -brain  or  mesencephalon,  and  the  fore- 
brain  or  prosencephalon. 

Hind-brain  or  Rhombencephalon. — The  hind-brain  is  the  largest  of  the  three 
primary  expansions  of  the  neural  tube :  indeed,  it  may  be  said  that  in  the  earlier 
stages  of  brain  development  it  is  larger  than  both  of  the  other  primary  subdivisions 
taken  together.  The  portion  immediately  adjoining  the  mid-brain  is  constricted, 
and  is  termed  the  isthmus  rhombencephali.  This  is  a  very  small  part,  forming  the 
extreme  upper  end  of  the  vesicle,  and  from  its  walls  are  developed  the  superior 
cerebellar  peduncles  and  a  thin  lamina,  which  is  stretched  across  the  middle  line 
between  them,  called  the  valve  of  Vieussens  or  the  superior  medullary  velum. 
ImmediFitely  behind  the  isthmus  the  hind-brain  expands  suddenly,  and  then  slowly 
and  gradually  tapers  as  it  passes  downwards  towards  the  spinal  cord  part  of  the 
neural  tube.    Its  junction  with  the  latter  is  very  early  indicated  by  a  sharp  bend 
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in  the  tube,  which  is  termed  the  cervical  flexure.  The  large  portion  of  hind-brain 
which  extends  from  the  isthmus  to  the  cervical  flexure  is  usually  considered  as 
being  composed  of  two  parts,  viz.  an  upper  portion,  termed  the  metencephalon,  and 
an  inferior  portion,  called  the  myelencephalon. 

From  the  metencephalon  are  derived  the  cerebellum  and  pons  Varolii.  The 
cerebellum  arises  by  a  thickening  of  the  dorsal  wall  of  this  portion  of  the  vesicle, 
whilst  the  pons  is  formed  by  a  thickening  of  the  lateral  and  ventral  walls.  The 
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Fig.  382.— Two  Stages  in  the  Pevelopmbnt  of  the  Human  Brain  (after  His). 
A,  Brain  of  an  embryo  of  the  third  week.    B.  Brain  of  an  embryo  of  five  weeks. 


myelencephalon  gives  origin  to  the  bulb  or  medulla  oblongata.  This  is  chiefly 
formed  by  a  thickening  of  the  lateral  walls  of  this  part  of  the  vesicle.  These  fall 
away  from  each  other  in  an  outward  direction,  and  thus  the  ventral  angle  between 
them  becomes  greatly  opened  up.  The  growth  which  leads  to  the  formation  of  the 
bulb  appears,  therefore,  to  take  place  chiefly  on  the  ventral  aspect  of  the  vesicle. 
The  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  little  or  no  development 
into  nervous  elements. 

The  cavity  of  the  original  hind-brain  is  retained  in  the  adult  brain  as  the  fourth 
ventricle ;  and  from  what  has  been  said  regarding  the  development  of  the  different 
portions  of  the  wall  of  the 
primitive  hind-brain,  it  will 
be  seen  that  in  its  lower  or 
medullary  part  its  dorsal 
wall  or  roof,  to  a  large 
extent,  remains  epithelial. 

The  parts  of  the  adult 
brain  which  are  derived 
from  the  rhombencephalon 
or  hind -brain  are  those 
which  lie  below  the  ten- 
torium cerebelli  in  the 
posterior  cranial  fossa  of 
the  skull. 

Mesencephalon  or 
Mid  -  brain. — The  mid -brain  takes  a  much  more  prominent  part  in  the  forma- 
tion of  the  early  primitive  brain  than  it  does  in  the  construction  of  the  adult 
brain.  It  forms  a  very  small  part  of  the  adult  brain,  and  constitutes  a  stalk  of 
connexion  between  the  parts  which  are  developed  from  the  walls  of  the  rhomben- 
cephalon and  those  which  are  developed  from  the  walls  of  the  prosencephalon 
or  fore -brain.  The  entire  wall  of  the  mid-brain  is  transformed  into  nervous 
tissue.  Thus,  by  the  special  development  of  the  dorsal  section  of  the  wall,  the 
corpora  quadrigemina  are  formed.  The  lateral  and  ventral  sections  of  the  wall 
undergo  a  still  more  marked  degree  of  growth-thickening,  and  the  result  is  the 


Fig.  383. — Two  Cross  Sections  through  the  Fore-Brain. 

A.  Through  the  fore-brain  of  the  early  human  embryo.  B.  Through 
the  fore-brain  and  optic  vesicles  of  a  Lepidosteus  embryo  of  eight 
days  (after  Balfour  and  Parker,  modified). 
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formation  of  the  two  crura  cerebri.  The  cavity  of  the  mid-brain  is  retained  as  the 
narrow  passage  termed  the  aqueduct  of  Sylvius,  which  connects  the  third  ventricle 
of  the  brain  with  the  fourth  ventricle. 

Prosencephalon  or  Fore-brain. — In  its  early  condition  one  of  the  leading 
peculiarities  of  the  fore-brain  is  its  great  width.  It  extends  outwards  on  either 
side  for  a  considerable  distance  beyond  the  lateral  walls  of  the  mid- brain.  These 
lateral  expansions  of  the  fore-brain  are  the  optic  vesicles,  and  at  this  stage  they  are  in 
no  way  constricted  off  from  the  central  part  of  the  cavity  (Fig.  383).  Soon,  however, 
the  central  portion  of  the  fore-brain  begins  to  expand  upwards  and  forwards,  whilst 
the  terminal  portions  of  the  optic  vesicles  likewise  undergo  enlargement ;  and  the 
result  is,  that  the  originally  single  chamber  shows  subdivision  into  three  parts, 
viz.  a  central  portion  or  fore-brain  proper,  and  two  expanded  optic  vesicles,  which 

are  joined   to  the  lower 
^  parts  of  the  lateral  aspects 

of  the  fore-brain  proper  by 
two  short  constricted 
tubular  passages  termed 
the  optic  stalks. 

The  optic  vesicle  and 
the  optic  stalk  become  ulti- 
mately transformed  into  the 
retina  of  the  eye-ball  and 
the  optic  nerve.  The 
changes  which  lead  to  this 
result  are  detailed  in  the 
section  dealing  with  the 
anatomy  of  the  organ  of 
vision. 

The  fore-brain  under- 
goes a  series  of  remarkable 
developmental  changes,  the 
most  striking  of  which  is 
the  formation  of  the  cere- 
bral hemispheres.  The 
terminal  or  fore-portion  of 
the  fore-brain,  in  the  first 
instance,  expands  in  a  for- 
ward and  downward  direc- 
tion, and  from  the  upper 
and  lateral  aspects  of  the 
new  portion  of  the  vesicle 
thus  formed  the  cerebral 
hemispheres  bulge  outwards 
in  the  form  of  two  hollow 
pouches.  The  hinder 
original  part  of  the  fore- 
brain  is  termed  the  thal- 
mamencephalon  or  dien  - 
cephalon,  whilst  the  an- 
terior part  with  the  cerebral  hemispheres,  which  protrude  out  from  it,  receives  the 
name  of  telencephalon. 

The  side  walls  of  the  diencephalon  become  thickened  into  the  two  large  masses 
of  gray  matter  termed  the  optic  thalami ;  the  floor  or  ventral  wall  develops  into 
those  structures  which  occupy  the  interpeduncular  space  in  the  base  of  the  brain 
(viz.  the  posterior  perforated  spot,  the  corpora  mammillaria,  and  the  tuber  cinereum) ; 
whilst  the  roof  or  dorsal  wall  remains  thin  and  epithelial,  and  undergoes  no  . 
nervous  development. 

The  hollow  cerebral  hemispheres  soon  outstrip  all  the  other  parts  of  the  brain 
in  their  development.    They  expand  not  only  in  an  upward  and  forward  direction. 


Fig.  384.— The  Brain  of 


A,  Brain  as  seen  in  profile. 
M,    Manimillary  eminence 


A  Human  Embryo  in  the  Fifth  Week 
(from  His). 

B,  Mesial  section  throngh  the  same  brain. 
Tc.  Tuber  cinereum  ;  Hp,  Hypophysis 
(pituitary  diverticulum  from  biiccal  cavity)  ;  Opt,  Optic  stalk  ; 
TH,  Optic  thalamus  ;  Tg,  Tegmental  part  of  mesencephalon  ;  Ps, 
Pars  subthalamica  ;  Cs,  Corpus  striatum  ;  FM,  Foramen  of  Monro  ; 
L,  Lamina  terminalis  ;  RO,  Recessus  opticus  ;  Ri,  Recessus  infun- 
dibuli. 
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but  chiefly  in  a  backward  direction ;  and  by  their  excessive  growth  backwards 
they  gradually  come  to  overlie  the  diencephalon,  the  mesencephalon,  and  at 
last  the  parts  derived  from  the  rhombencephalon.  It  thus  comes  about  that, 
when  the  adult  brain  is  viewed  from  above  nothing  but  the  cerebral  hemispheres 
are  visible — all  the  other  parts  of  the  brain  lie  under  cover  of  them. 

At  first  the  cavity  of  each  cerebral  hemisphere  is  connected  with  the  cavity 
of  the  front  portion  of  the  fore-brain  by  an  exceedingly  short  but  relatively  wide 
passage.  This  is  the  early  condition  of  the  foramen  of  Monro.  The  fore-part  of 
the  fore -brain  is  now  seen  to  be  bounded  in  front  between  the  two  hollow  cerebral 
hemisphere-pouches  by  a  narrow  thin  strip,  which  represents  the  extreme  anterior 
wall  of  the  neural  tube,  and  consequently  it  receives  the  name  of  lamina  terminalis. 
The  cavity  of  the  fore-brain  not  only  in  its  hinder  diencephalic  part,  but  also  in 
its  anterior  telencephalic  part  (i.e.  the  part  from  which  the  cerebral  hemispheres 
bud  out),  persists  as  the  third  ventricle  of  the  brain,  whilst  the  cavities  of  the 
primitive  cerebral  hemispheres  are 
represented  in  the  adult  by  the 
lateral  ventricles  of  the  brain.  The 
foramina  of  Monro,  relatively  much 
reduced  in  size,  are  preserved  as 
narrow  throats  of  communication 
between  the  lateral  ventricles  and 
the  third  ventricle.  The  olfactory 
lobes  are  formed  as  hollow  out- 
growths from  the  cerebral  hemi- 
spheres. 

Flexures  of  the  Brain-tube. — 

At  a  very  early  period,  and  while  the 
changes  detailed  above  are  being 
carried  od,  the  cerebral  portion  of  the 
neural  tube  becomes  sharply  bent 
upon  itself  at  certain  points.  The 
first  flexure  which  occurs  is  the 
primary  cephalic  flexure.  It  occurs 
in  the  region  of  the  mesencephalon, 
and  involves  the  entire  head.  The 
fore-brain  becomes  bent  in  a  ventral 
direction  round  the  fore-end  of  the 
notochord  and  the  fore-gut,  until  the 
long  axis  of  the  fore-brain  forms  an 
acute  angle  with  the  long  axis  of 
the  hind-brain  and  the  ventral  wall 
of  the  one  comes  to  lie  nearly  parallel  with  the  corresponding  wall  of  the  other. 
Through  this  curvature  the  mid-brain  is  considerably  modified  in  form,  and  for  a 
time  it  comes  to  occupy  the  most  prominent  and  foremost  part  of  the  embryonic  head. 

The  primary  cephalic  flexure  is  soon  followed  by  the  cervical  flexure.  This 
occurs  at  the  junction  of  the  hind-brain  with  the  spinal  cord.  Here  the  entire 
head  is  bent  in  a  ventral  direction,  and  at  the  end  of  the  fifth  week  the  flexure  is 
so  pronounced  that  the  cerebral  and  spinal  cord  portions  of  the  neural  tube  meet 
each  other  at  a  right  angle  (Fig.  385).  In  the  later  stages  of  development  the 
cervical  flexure  becomes  obliterated  by  the  elevation  of  the  head  and  the  straighten- 
ing of  the  neck  of  the  embryo. 

The  third  bend  takes  place  in  the  region  of  the  future  pons  Varolii  (meten- 
cephalon),  and  is  consequently  termed  the  pontine  flexure.  It  differs  from  the 
other  flexures  in  being  confined  to  the  brain  tube  and  in  not  in  any  way  involving 
the  entire  head.  Further,  the  bend  is  much  more  marked  in  the  thick  ventral 
wall  than  in  the  thin  dorsal  wall  of  the  tube.  The  neural  tube  is  doubled  forwards 
on  itself  and  the  pons  Varolii  becomes  developed  in  connexion  with  the  summit  of 
the  curvature.  In  the  further  growth  of  the  brain  the  pontine  flexure  becomes 
almost  completely  obliterated. 


Fig.  385. — Profile  View  of  the  Brain  of  a  Human 
Embryo  of  Ten  Weeks  (His). 

The  various  cranial  nerves  are  indicated  by  numerals. 

A,  Cerebral  diverticulum  of  pituitary  body.    B,  Buccal 
diverticulum  of  pituitary  body. 
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By  reason  of  these  curvatures  the  early  brain  assumes  a  sinuous,  zigzag  or 
S-shaped  outUne  when  viewed  from  the  side,  and  the  relationship  of  its  various 
parts  becomes  materially  altered.  The  essential  factor  at  work  in  the  production 
of  the  brain  flexures  is  clearly  the  very  unequal  growth  which  takes  place  in 
different  parts  of  the  cerebral  wall. 

Basal  and  Alar  Laminae  of  His. — It  has  been  pointed  out  that,  in  the 
development  of  the  spinal  cord,  each  of  the  thick  lateral  walls  of  the  neural  tube 
is  marked  off  into  a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  This  subdivision 
is  also  noticeable  in  the  cerebral  part  of  the  neural  tube,  and  the  furrow  on  the 
inner  aspect  of  the  lateral  wall,  which  indicates  this  subdivision,  can  be  traced 
even  in  the  adult  brain  throughout  a  considerable  part  of  its  length. 

In  the  spinal  cord  the  motor  cells  are  gathered  in  the  basal  lamina  in  more  or 

less  continuous 
'^'c>--  columns.    In  the 

brain  the  corre- 
sponding cells 
from  which  the 
efferent  fibres  of 
the  cranial  nerves 
are  given  off  are 
also  placed  within 
the  basal  lamina, 
but  they  are  ar- 
ranged differently. 
They  are  collected 
together  in  dis- 
connected clusters 
termed  the  motor 
nuclei,  and  they 
do  not  extend 
higher  up  than 
the  mid-brain. 
No  motor  nuclei 


Fig.  386. — Diagrams  to  illustrate  the  Alar  and  Basal  Lamina.    In  both 
cases  the  embryonic  brain  is  represented  in  mesial  section  (His). 

A.  The  different  subdivisions  of  the  brain  are  marked  off  from  each  other  by  dotted  ocCUr  in  the  forc- 

brain.  Indeed, 


lines,  and  the  dotted  line  running  in  the  long  axis  of  the  neural  tube  indicates  the 
separation  of  the  alar  from  the  basal  lamima  of  the  lateral  wall. 

B.  Mesial  section  through  the  brain  of  a  human  embryo  at  the  end  of  the  first 
month.  Dotted  lines  mark  off  the  different  regions  and  also  the  alar  and  basal 
laminae  from  each  other. 


the  importance  of 
the  basal  lamina 
diminishes  as  we 
pass   from  the 


H,  Buccal  part  of  pituitary  body  ;  RL,  Olfactory  lohe  ;   C.Str,  Corpus  striatum 

A,  Entrance  to  optic  stalk;  0,  Optic  recess;  I,  Infundibular  recess;  T,  Tuber  }owertO  thchio'her 
cinereum  ;  M.  Mammillary  eminence.  ^ ,     ,  ^  . 

parts  01  the  brain. 

In  the  rhombic  or  hind-brain  the  greater  part  of  the  medulla  oblongata  and  of 
the  pons  Varolii  is  formed  from  the  basal  laminae,  whilst  the  cerebellum,  with  its 
superior  and  inferior  cerebellar  peduncles,  is  derived  from  the  alar  laminae.  In 
the  mid-brain  the  crura  cerebri  are  the  derivatives  of  the  basal  laminae,  whilst  the 
corpora  quadrigemina  are  developed  from  the  alar  laminae.  In  the  fore-brain  the 
subthalamic  region  and  the  optic  vesicles  are  products  of  the  growth  of  the  basal 
laminae,  whilst  the  optic  thalami  and  cerebral  hemispheres  spring  from  the  alar 
laminae. 

The  fact  that  the  cerebellum  and  the  cerebral  hemispheres  owe  their  origin 
to  the  alar  laminae  is  sufficient  to  show  the  predominant  part  which  these  laminae 
play  in  brain  development,  and  the  higher  we  ascend  in  the  animal  scale  the  more 
pronounced  does  this  predominance  become. 

The  following  table  gives  a  summary  of  the  various  developmental  processes 
which  have  been  described  in  the  foregoing  pages : — 
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Encephalon 
or 
Brain 


Rliombenceplialon 
or 

Hind -brain 
(posterior  cerebral 
vesicle) 


Mesencej^lialon 
or  Mid-brain 
(middle  cerebral 
vesicle) 


Prosencephalon 
or  Fore-brain 
(anterior  cerebral 
vesicle) 


Myelenceplialon 


Metenceplialon 

Isthmus  rhombencephali 
(narrow  constricted  part 
immediately  adjoining 
the  mesencephalon) 

Mesencephalon 
or 

Mid -brain 


Thalamencephalon 
or 

Diencephalon 


Telencephalon 


TBulb  or  medulla  oblongata 
^  Lower  part  of  the  fourth  ven- 
I  tricle 
r  Cerebellum 
J  Pons  Varolii 

j  Upper  part  of  the  fourth  ven- 
tricle 

1  Superior  cerebellar  j^eduncles 
I  Valve  of  Vieussens 


Corpora  quadrigemina 
Crura  cerebri 
Aqueduct  of  Sylvius 

[  Optic  thalami 
Subthalamic  tegmental  regions 
Pituitary  and  pineal  bodies 

.  Structures   in  interpeduncular 
space 

Optic  nerve  and  retina 
Hinder  part  of  the  third  ven- 
tricle 

Cerebral  hemispheres 
Olfactory  lobes 
Lateral  ventricles 
Foramina  of  Monro 
Anterior  portion  of  the  third 
ventricle 


THE  PAETS  OF  THE  ENCEPHALON  DEEIYED  EEOM  THE 

HIND-BEAIN. 

MEDULLA  OBLONGATA  OR  BULB. 

The  medulla  oblongata  or  bulb  is  the  continuation  upwards  of  the  spinal  cord. 
It  is  not  more  than  one  inch  in  length,  and  it  may  be  regarded  as  beginning  at  the 
decussation   of    the  _ 

\  x^^/'f^  — Optic  nerve 


optic  chiasiua 
Optic  tract. 


Corp 


Corpus  geniculatuiii 
internum 
Locus  perforatui 
posticu! 


Middle  peduncle 
of  the  cerebellum 


pyramidal  tracts, 
which  takes  place 
about  the  level  of 
the  foramen  magnum. 
From  this  it  proceeds 
upwards  in  a  very 
nearly  vertical  direc- 
tion, and  ends  at  the 
lower  border  of  the 
pons  Varolii.  At  first 
its  girth  is  similar  to 
that  of  the  cord,  but 
it  rapidly  expands  as 
it  approaches  the 
pons,  and  conse- 
quently it  presents  a 
more  or  less  conical 
form.  Its  ventral 
surface  lies  behind 
the  grooved  surface 
of  the  basilar  portion 
of  the  occipital  bone, 
whilst  its  dorsal  sur- 
face is  sunk  into  the  vallecula  of  the  cerebellum.  The  medulla  oblongata  is  a 
bilateral  structure,  and  this  is  indicated  on  the  surface  by  a  continuation  upwards 
of  the  antero-median  and  postero-median  fissures  of  the  cord  on  the  ventral  and 
dorsal  aspects  of  the  medulla. 
35 


Restiform  body 
Olive- 
Pyramid- 
Anterior  superficial, 
arcuate  fibres 

Decussation  of. 
pyramids 


Infundibulum 

Tuber  cinereum 

Corpora  mammillarial' 

Oculo-motor  nerve  (HI  ) 

Trochlear  nerve  (IV.) 
winding  round  the  crus 
cerebri 

Trigeminal  nerve  (V.) 

Abducent  nerve  (VI.) 
Facial  nerve  (VII.) 
Auditory  nerve  (VIII.) 

Vago-glossopharyngeal  '^n^ 
nerve  (IX.  and  X.)        -  ^ 

Hypoglossalpf^'/SV  H 
nerve  {XU.)y'-*^'^- ■^-'^^J 


Spinal  accessory 
nerve  (XI.) 


First  cervical  nerve 


Fig.  387.- 


-Front  View  of  the  Medulla,  Pons,  and  Mesencephalon  of  a 
FULL-TIME  Human  Fcetus. 
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The  antero-median  groove  (fissura  mediana  anterior),  as  it  passes  from  the  cord 
on  to  the  medulla,  is  interrupted  at  the  level  of  the  foramen  magnum  by  several 
strands  of  fibres,  v^hich  cross  the  mesial  plane  from  one  side  to  the  other.  This 
intercrossing  is  termed  the  decussation  of  the  pyramids.  Above  this  level  the 
furrow  is  carried  upwards  to  the  lower  border  of  the  pons,  but  is  often  rendered 
very  shallow  by  numerous  superficiah arcuate  fibres  which  emerge  upon  the  surface 
between  its  lips  and  then  curve  outwards  to  reach  the  hinder  part  of  the  medulla. 
At  the  lower  margin  of  the  pons  Varolii  it  expands  slightly  and  ends  in  a  blind  pit, 
which  receives  the  name  of  the  foramen  csecum  of  Yicq  d'Azyr,  The  postero-median 
fissure  (fissura  mediana  posterior)  is  only  carried  up  on  the  lower  half  of  the 
medulla.  As  it  ascends  it  rapidly  becomes  shallower,  and,  halfway  up,  the  central 
canal  of  the  cord  opens  on  the  dorsal  surface  of  the  medullaT"  ilt  'lms  point  the 
lips  of  the  postero-median  fissure  are  thrust  apart  from  each  other  and  constitute 
the  boundaries  of  a  triangular  field,  which  is  thus  opened  up  on  the  dorsal  aspect 
of  the  medulla.  This  triangular  field  is  the  lower  part  of  the  fossa  rhomboidalis, 
or  the  floor  of  the  fourth  ventricle  of  the  brain.  The  lower  half  of  the  medulla, 
containing  as  it  does  the  continuation  of  the  central  canal  of  the  cord,  is  frequently 
termed  the  closed  part  of  the  medulla ;  the  upper  half,  above  the  opening  of  the 
canal,  which  by  its  dorsal  surface  forms  the  lower  part  of  the  floor  of  the  fourth 
ventricle,  is  then  called  the  open  part  of  the  medulla. 

Deferring  for  the  present  the  examination  of  the  medullary  part  of  the  floor 
of  the  fourth  ventricle,  the  appearance  presented  by  the  surface  of  each  side  of 
the  medulla,  from  the  antero-median  fissure  in  front  to  the  postero-median  fissure 
and  the  lateral  limit  of  the  floor  of  the  fourth  ventricle  behind,  may  now  engage 
our  attention.  In  the  spinal  cord  the  corresponding  surface  area  is  divided  into 
three  districts  or  columns  by  the  emerging  motor  roots  and  the  entering  sensory 
roots  of  the  spinal  nerves.  Of  these  the  latter  enter  along  the  bottom  of  the 
postero-lateral  groove,  whilst  the  motor  fascicles  are  spread  over  a  relatively  broad 

surface  area  and  have 
no  groove  in  connexion 
with  their  emergence 
from  the  cord.  In  the 
case  of  the  medulla 
corresponding  rows  of 
nerve  -  fascicles  enter 
and  emerge  from  the 
surface  of  each  side. 
The  efferent  fascicles 
are  the  root -bundles  of 
the  hypoglossal  nerve, 
and  they  carry  up  the 
line  of  the  anterior 
nerve-roots  of  the  cord. 
In  one  respect,  however, 
theydiffer:  they  emerge 
in  linear  order  and  along 
the  bottom  of  a  dis- 
tinct furrow,  termed  the 
antero  -  lateral  furrow, 
which  proceeds  upwards 
on  the  surface  of  the 
medulla.  The  fascicles 
which  carry  up  the  line 
of  the  posterior  nerve- 
roots  on  the  surface  of 
the  medulla  are  the  root-bundles  of  the  spinal  accessory,  the  vagus,  and  the  glosso- 
pharyngeal nerves.  These  are  attached  along  the  bottom  of  a  furrow  which  is  the 
direct  continuation  upwards  of  the  postero-lateral  furrow  of  the  cord,  and  thereftrtii 
receives  the  name  of  the  postero-lateral  furrow  of  the  medulla.     The  root-bundles 


Frenuliiin.. 
Valve  of  VieusseIl^- 


Superior  peduncle  of 
the  cerebellum" 

Middle  peduncle  of 
the  cerebellum 


Striae  acusticfe 
Area  acusticte 
Trigonum  vagi 

Cuneate  tubercl 
Funiculus  gracilis 


Taenia  tlialami 


-  Pineal  body 

Superior  quadri- 
^geminal  body 

Inferior  quadri- 
geminal  body 


Crus  cerebri 

Pontine  part  of  floor 
Of  ventricle  IV. 

Eniinentia  teres 

Fovea  superior 

Restiform  body 
Trigonum  liypoglossi 
Clava 


— ^Rolandic  tubercle 
Funiculus  cuneatus 


Fig.  388. — Back  View  of  the  Medulla,  Pons,  and  Mesencephalon  of 
a  full-time  human  f(etus. 
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of  these  nerves  differ,  however,  in  so  far  that  they  are  not  all  composed  of  afferent 
fibres  springing  from  ganglionic  cells  placed  without  and  entering  the  medulla. 
Certain  of  them  are  purely  efferent  (spinal  accessory  roots),  whilst  others  likewise 
contain  a  considerable  number  of  efferent  fibres,  and  are  therefore  to  be  regarded 
as  mixed  roots. 

By  the  postero-lateral  and  the  antero-lateral  grooves,  and  also  by  the  two  rows 
of  nerve  fascicles  attached  along  the  bottom  of  these  furrows,  the  surface  of  the 
medulla  on  each  side  is  divided  into  three  districts,  viz.  an  anterior,  a  lateral,  and  a 
posterior,  similar  to  the  surface  areas  of  the  three  columns  on  the  side  of  the  cord. 
Indeed,  at  first  sight,  they  appear  to  be  a  direct  continuation  upwards  of  these  three 
portions  of  the  cord ;  this  is  not  the  case,  however,  because  the  fibres  of  the  three 
columns  of  the  cord  undergo  a  rearrangement  as  they  proceed  upwards  into  the 
medulla. 

Anterior  Area  of  the  Medulla — Pyramid  (jDyramis). — The  district  between 
the  antero-median  fissure  and  the  antero-lateral  furrow,  along  the  bottom  of 
which  the  root-fascicles  of  the  hypoglossal  .nerve  issue  from  the  medulla,  receives 
the  name  of  the  pyramid.  An  inspection  of  the  surface  is  sufficient  to  show 
that  the  pyramid  is  composed  of  a  compact  strand  of  longitudinally  directed 
nerve-fibres.  Tapering  below,  it  expands  and  assumes  a  prominent  appearance 
as  it  is  traced  upwards,  and,  finally  reaching  the  lower  border  of  the  pons  Varolii, 
it  becomes  slightly  constricted  and  disappears  from  view  by  plunging  into  that 
portion  of  the  iDrain.  The  two  pyramids,  separated  from  each  other  by  the  antero- 
median furrow,  are  the  great  motor  strands  of  the  medulla. 

Although  the  pyramid  at  first  sight  appears  to  be  continuous  with  the  anterior 
column  of  the  cord,  only  a  very  small  pro- 
portion of  the  fibres  contained  in  the  latter 
are  derived  from  the  pyramid.  This  at  once 
becomes  manifest  when  the  lips  of  the 
antero-median  fissure  are  thrust  apart  at  the 
place  of  junction  between  the  cord  and  the 
medulla.  The  pyramid  is  then  seen  to  divide 
at  this  level  into  two  parts,  viz.  a  small 
portion  composed  of  a  variable  number  of 
the  outermost  fibres  of  the  pyramid,  termed 
the  direct  pyramidal  tract,  and  a  much  larger 
portion  situated  next  the  antero-median 
fissure,  called  the  crossed  pyramidal  tract. 
The  direct  pyramidal  tract  is  continued  down 
into  the  anterior  column  of  the  cord,  and 
in  this  it  takes  up  a  mesial  position  next 
the  antero-median  fissure.  The  crossed  pyra- 
midal tract  is  broken  up  into  three  or  more 
coarse  bundles,  which  sink  backwards  and  at 
the  same  time  cross  the  mesial  plane,  to  take 
up  a  position  in  the  posterior  part  of  the 
opposite  lateral  column  of  the  cord.  The 
term  decussation  of  the  pyramids  (decussatio 
pyramidum)  is  applied  to  the  intercrossing 
of  the  corresponding  bundles  of  the  crossed 
pyramidal  tracts  of  opposite  sides. 

The  direct  pyramidal  tract  is,  therefore, 
the  only  part  of  the  pyramid  which  has  a 
place  in  the  anterior  column  of  the  cord. 
The  much  larger  part  of  this  column,  termed 

the  anterior  basis-bundle,  as  it  is  traced  up  into  the  medulla  is  seen  to  be 
thrust  aside  by  the  decussating  bundles  of  the  crossed  pyramidal  tract.  It  thus 
s  to  occupy  a  deep  position  in  the  substance  of  the  medulla  behind  and  to  the 
outer  side  of  the  pyramid. 

Lateral  Area  of  the  Medulla. — This  is  the  district  on  the  surface  of  the  medulla 
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Fig.  389. — Diagram  of  the  Decussation  of 
THE  Pyramids  (modified  from  van  Gehuchten). 

NH,  Nucleus  hypoglossi  ;  NV,  Vago- glosso- 
pharyngeal nucleus  ;  FS,  Fasciculus  soli- 
tarius  ;  NA,  Nucleus  ambiguus. 
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which  is  included  between  the  two  rows  of  nerve-roots,  viz.  the  hypoglossal  roots  in 
front,  and  the  root-bundles  of  the  spinal  accessory,  the  vagus,  and  the  glosso- 
pharyngeal nerves  behind.  It  presents  a  very  different  appearance  in  its  upper  and 
lower  parts.  In  its  lower  portion  it  simply  appears  to  be  a  continuation  upwards 
of  the  lateral  area  of  the  cord  ;  in  its  upper  part  a  striking  oval  prominence  bulges 
out  on  the  surface  of  the  medulla,  and  receives  the  name  of  the  olivary  eminence. 

The  lower  part  of  this  district,  however,  is  very  far  from  being  an  exact  counter- 
part of  the  lateral  column  of  the  cord.  The  large  crossed  pyramidal  tract  is  no 
longer  present,  seeing  that  it  forms  in  the  medulla  the  greater  part  of  the  pyramid 
of  the  opposite  side.  Another  strand  of  fibres,  viz.  the  direct  cerebellar  tract, 
prolonged  upwards  in  the  lateral  column  of  the  cord,  gradually  leaves  this 
portion  of  the  medulla.  This  tract  lies  on  the  surface,  and  is  frequently  visible 
to  the  naked  eye  as  a  white  band,  which  inclines  obliquely  backwards  into 
the  posterior  district  of  the  medulla  to  join  its  upper  part,  or  in  other  words  the 
restiform  body.  The  remainder  of  the  fibres  of  the  lateral  column  of  the  cord, 
comprising  the  lateral  basis-bundle  and  the  tract  of  Gowers,  are  continued  upwards 
in  the  lateral  area  of  the  medulla,  and  at  the  lower  border  of  the  olive  the  majority 
of  these  fibres  disappear  from  the  surface  by  dipping  into  the  substance  of  the 
medulla  under  cover  of  that  projection.  A  small  proportion  of  the  fibres,  how- 
ever, are  retained  on  the  surface  and  travel  upwards  towards  the  pons  in  the  interval, 
which  exists  between  the  hinder  border  of  the  olive  and  the  roots  of  the  vagus  and 
glosso-pharyngeal  nerves. 

The  olivary  eminence  (oliva)  is  a  smooth  oval  projection  which  bulges  out  from 
the  upper  part  of  the  lateral  area  of  the  medulla.  Its  long  axis  is  vertical  and  is 
about  half  an  inch  long.  It  marks  the  position  of  the  subjacent  inferior  olivary 
nucleus,  a  flexuous  lamina  of  gray  matter  (nucleus  olivaris  inferior),  which  is  only 
se^Darated  from  the  surface  by  a  very  thin  layer  of  superficial  white  matter. 

Posterior  Area  of  the  Medulla. — In  its  lower  half,  this  district  is  bounded 
behind  by  the  postero-median  fissure,  and  in  its  upper  half  by  the  lateral  margin 
of  the  medullary  part  of  the  floor  of  the  fourth  ventricle  of  the  brain.  In  front 
it  is  separated  from  the  lateral  area  by  the  row  of  root-fascicles  belonging  to 

the  spinal  accessory,  vagus,  and  glosso- 
pharyngeal nerves.  As  in  the  lateral 
area,  we  recognise  a  lower  portion  and  an 
upper  portion,  which  appear  continuous 
but  in  reality  are  almost  quite  distinct 
from  each  other. 

The  lower  part  of  the  posterior  area 
corresponds  more  or  less  closely  with  the 
posterior  column  of  the  cord.  In  the 
cervical  part  of  the  cord  the  posterior 
column  is  divided  by  the  paramedian 
septum  of  pia  mater  into  an  inner  column 
of  Goll  and  an  outer  column  of  Burdach. 
These  are  prolonged  upwards  into  the 
medulla,  and  in  the  lower  part  of  the 
posterior  area  they  stand  out  distinctly, 
and  are  separated  from  each  other  by  a 
continuation  upwards  from  the  cord  of  the 
paramedian  groove.  In  the  medulla  the 
inner  of  these  strands  is  called  the  funiculus 
gracilis,  whilst  the  outer  one  is  designated 
the  funiculus  cuneatus.  Each  of  these 
strands,  when  it  reaches  the  level  of 
the  lower  part  of  the  floor  of  the  fourth 
ventricle,  ends  in  a  slightly  expanded 
bulbous  prominence.  The  swollen  extremity  of  the  funiculus  gracilis  is  called  the 
clava.  This  is  thrust  aside  from  its  neighbour  of  the  opposite  side  by  the  opening 
up  of  the  medulla  to  form  the  floor  of  the  fourth  ventricle,  and  the  central  canal  of 
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the  cord  opens  on  the  surface  in  the  angle  between  the  two  clavce.  The  bulbous 
end  of  the  fasciculus  cuneatus  receives  the  name  of  the  cuneate  tubercle  (tuberculum 
cinereum),  but  it  is  only  in  the  foetal  or  very  young  brain  that  it  is  well  marked. 

The  elongated  prominences  formed  on  the  surface  of  tlie  medulla  by  these  two 
strands  and  their  enlarged  extremities  are,  in  a  great  measure,  due  to  the  presence 
of  two  elongated  nuclei  or  collections  of  gray  matter  which  make  their  appearance 
subjacent  to  the  strands,  and  which  gradually  increase  in  bulk  as  they  are  traced 
upwards.  These  are  termed  respectively  the  gracile  (nucleus  funiculi  gracilis)  and 
cuneate  (nucleus  funiculi  cuneati)  nuclei,  and  it  can  be  easily  shown  that  as  the 
gray  matter  increases  in  quantity  the  fibres  of  the  two  corresponding  strands 
diminish  in  number  by  coming  to  an  end  in  connexion  with  the  cells  of  the 
subjacent  nuclei.  Indeed,  it  is  doubtful  if  any  of  the  fibres  of  the  gracile  and 
cuneate  strands  extend  upwards  beyond  these  nuclei. 

But  a  third  longitudinal  elevation  is  also  apparent  on  the  surfac  e  of  the  lower 
part  of  the  posterior  area  of  the  medulla.  This  is  placed  on  the  outer  side  of  the 
funiculus  cuneatus — between  it  and  the  posterior  row  of  nerve-roots — and  it  has 
no  counterpart  in  the  posterior  column  of  the  cord.  It  is  called  the  funiculus  of 
Rolando,  because  it  is  produced  by  the  substantia  gelatinosa  Kolandi,  which  caps  the 
posterior  horn,  coming  close  to  the  surface  and  forming  a  bulging  in  this  situation. 
The  funiculus  of  Eolando  is  wedge-shaped  in  outline.  Extremely  narrow  below,  it 
widens  as  it  is  traced  upwards,  and  finally  ends  in  an  expanded  extremity  called 
the  tubercle  of  Rolando  (tuberculum  Kolandi).  A  thin  layer  of  white  matter,  com- 
posed of  longitudinally  arranged  fibres,  is  spread  over  this  district,  and  separates  the 
substantia  Kolandi  from  the  surface.  These  fibres  constitute  the  spinal  root  of  the  j 
fifth  or  trigeminal  nerve,  which  here  assumes  a  superficial  position  as  it  descends  \ 
in  the  medulla. 

The  restiform  body  (corpus  restiforme)  forms  the  upper  part  of  the  posterior 
area  of  the  medulla.  It  lies  between  the  fioor  of  the  fourth  ventricle  and  the 
roots  of  the  vagus  and  glosso-pharyngeal  nerves.  It  is  a  large  and  prominent 
rope -like  strand,  which  inclines  upwards  and  outwards,  and  then  finally  takes 
a  turn  backwards  and  enters  the  cerebellum.  It  forms  the  great  link  of  connexion 
between  the  cerebellum  on  the  one  hand  and  the  medulla  and  spinal  cord 
on  the  other,  and  consequently  it  also  receives  the  name  of  the  inferior  cerebellar 
peduncle.  At  the  same  time  it  must  be  understood  that  it  is  not  formed  by  fibres 
which  are  prolonged  into  it  from  the  funiculus  cuneatus  and  funiculus  gracilis 
of  the  medulla.  It  is  true  that  a  surface  inspection  of  the  medulla  might  very 
naturally  lead  the  observer  to  this  supposition,  because  there  is  no  sharp  line  of 
demarcation  marking  it  off  from  the  tubercles  of  these  strands.  Such  a  conclusion, 
however,  would  be  altogether  erroneous,  because  it  would  appear  that  none  of  the  ^ 
fibres  of  the  posterior  columns  of  the  cord  are  carried  beyond  the  gracile  and  cuneate  1 
nuclei  of  the  medulla.  A  study  of  the  surface  of  the  medulla  yields  some  important 
information  regarding  the  constitution  of  the  restiform  body.  Thus  the  direct 
cerebellar  tract  from  the  lateral  column  of  the  cord  can  be  traced  into  it,  and  large 
numbers  of  fibres  which  take  a  curved  course  on  the  surface  of  the  medulla  may 
likewise  be  followed  into  it.  These  are  the  superficial  arcuate  fibres.  Numerous 
other  fibres  enter  the  restiform  body  on  its  deep  aspect,  but  these  will  be  studied 
at  a  later  stage.  ^ 

Superficial  Arcuate  Fibres  (fibr?e  arcuatae  externae). — These  fibres  enter 
into  the  constitution  of  the  restiform  body,  and  they  may  be  regarded  as  con- 
sisting of  two  sets,  viz.  the  anterior  superficial  arcuate  fibres  and  the  posterior 
superficial  arcuate  fibres,  both  of  which  present  this  feature  in  common  that  they 
run  on  the  surface  of  the  medulla. 

The  anterior  superficial  arcuate  fibres  are  more  particularly  seen  in  the  neighbour- 
hood of  the  olivary  eminence,  round  the  lower  border  of  which,  and  also  over  the 
surface  of  which,  they  may  be  observed  coursing  in  the  form  of  a  number  of  coarse 
curved  bundles.  They  vary  greatly  in  number  and  in  distinctness,  and  they  are 
sometimes  so  numerous  as  to  cover  over  almost  entirely  the  eminence.  An  attentive 
examination  will  show  that  they  come  to  the  surface  in  the  antero-median  fissure 
between  the  pyramids,  and  also  not  unfrequently  in  the  groove  between  the 
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pyramid  and  olive,  or  through  the  substance  of  the  pyramid  itself.  The  antero- 
median fissure  in  its  upper  part  is  often  almost  completely  blocked  up  by  these 
emerging  fibres.  The  anterior  superficial  arcuate  fibres  reaching  the  surface  of  the 
medulla  in  this  manner  turn  backwards,  and  the  great  majority  enter  the  restiform 
body  and  form  a  considerable  part  of  its  outer  portion. 

The  posterior  superficial  arcuate  fibres  arise  in  the  cuneate  and  gracile  nuclei,  and 
enter  the  restiform  body  of  the  same  side. 

THE  PONS  VAROLII. 

The  pons  Varolii  is  a  marked  white  prominence  on  the  basal  aspect  of  the  brain 
which  is  interposed  between  the  medulla  and  the  crura  cerebri,  and  which  lies  in 
front  of  the  cerebellum.  It  is  convex  from  side  to  side,  as  well  as  from  above 
downwards,  and  transverse  streaks  on  its  surface  show  that,  superficially  at  least,  it 
is  composed  of  bundles  of  nerve-fibres  which  course  transversely  over  it.  On  either 
side  these  transverse  fibres  are  collected  together  in  the  form  of  a  large  compact 
strand,  which  sinks  in  a  backward  and  outward  direction  into  the  white  matter  of 
the  corresponding  hemisphere  of  the  cerebellum.  This  strand  is  termed  the  middle 
peduncle  of  the  cerebellum,  and  the  term  "pons,"  applied  to  the  entire  structure, 
expresses  in  an  admirable  way  the  arch-like  manner  in  which  this  portion  of  the 
brain  bridges  across  between  the  two  cerebellar  hemispheres. 

The  ventral  surface  of  the  pons  is  in  relation  to  the  basilar  process  of  the 
occipital  bone  and  the  dorsum  sella3  of  tlie  sphenoid  bone.  It  presents  a  mesial 
groove  (sulcus  basilaris),  which  gradually  widens  as  it  is  traced  upwards,  and  in 
which  the  basilar  artery  lies.  This  mesial  depression  is  produced  by  the  prominence 
which  is  caused  on  either  side  by  the  passage  of  the  pyramidal  tract  of  fibres 
downwards  through  the  pons.  The  trigeminal  or  fifth  cranial  nerve,  with  its  large 
entering  sensory  root  and  its  small  emerging  motor  root,  is  attached  to  the  side  of 
the  ventral  aspect  of  the  pons,  nearer  its  upper  than  its  lower  border.  It  is  usual 
to  restrict  the  term  "  pons  "  to  that  portion  of  the  structure  which  lies  between  the 
two  trigeminal  nerves,  and  to  apply  the  designation  of  middle  cerebellar  peduncle 
to  the  part  which  extends  beyond  the  nerve  into  the  hemisphere  of  the  cerebellum. 
The  sixth  or  abducent  nerve,  the  seventh  or  facial  nerve,  and  the  eighth  or  auditory- 
nerve  are  attached  to  the  brain  at  the  lower  border  of  the  pons.  The  sixth  emerges 
at  the  outer  border  of  the  pyramid,  the  seventh  immediately  in  front  of  the  resti- 
form body,  whilst  the  auditory  nerve  reaches  the  brain  close  to  the  facial  nerve,  on 
the  ventral  aspect  of  the  restiform  body. 

The  whole  of  the  medulla  enters  the  loiver  aspect  of  the  pons,  and,  with  the 
exception  of  the  restiform  bodies,  its  constituent  parts  are,  to  a  large  extent,  carried 
up  within  it.    The  crura  cerebri  emerge  from  its  wpper  aspect. 

The  dorsal  surface  of  the  pons  looks  backwards  towards  the  cerebellum,  and 
presents  a  triangular  area  covered  with  gray  matter,  which  forms  the  upper  part  of 
the  anterior  wall  or  floor  of  the  fourth  ventricle.  This  area  is  directly  continuous 
below  with  the  medullary  part  of  the  floor  of  the  fourth  ventricle,  and  is  bounded 
on  either  side  by  a  band  of  white  matter  termed  the  superior  peduncle  of  the 
cerebellum. 

Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — Tliese  are  hidden  from 
view  by  the  upper  part  of  the  cerebellum,  under  cover  of  which  they  lie.  They 
emerge  from  the  lateral  hemispheres  of  the  cerebellum,  and,  as  they  proceed 
upwards  on  the  dorsal  aspect  of  the  pons,  they  converge  towards  each  other  until, 
at  the  level  of  the  inferior  corpora  quadrigemina,  the  inner  margins  of  the  two 
peduncles  almost  become  contiguous  (Fig.  388,  p.  482).  At  first  they  form  the 
lateral  boundaries  of  the  upper  part  of  the  fourth  ventricle ;  but,  as  they  ascend 
and  approach  closer  to  each  other,  they  gradually  come  to  overhang  that  cavity 
and  thus  enter  into  the  formation  of  its  roof.  They  disappear  from  the  surface 
by  dipping  under  cover  of  the  quadrigeminal  bodies  and  entering  the  substance  of 
the  mesencephalon. 

Valve  of  Vieussens  or  the  Superior  Medullary  Velum  (velum  medullare 
anterius). — Filling  up  the  triangular  interval  between  the  two  superior  cere- 
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bellar  peduncles,  and  stretching  across  from  the  inner  and  free  margin  of  the  one 
to  the  corresponding  margin  of  the  other,  is  a  thin  layer  of  white  matter  which 
completes  the  roof  or  dorsal  wall  of  the  upper  part  of  the  fourth  ventricle,  and 
receives  the  name  of  the  superior  medullary  velum.  When  traced  downwards,  it 
is  seen  to  be  carried  with  the  superior  peduncles  into  the  white  matter  of  the  cere- 
bellum. Spread  out  on  its  dorsal  surface  is  a  small,  thin,  tongue-shaped  prolongation 
of  gray  matter  from  the  cortex  of  the  cerebellum,  which  is  termed  the  lingula, 
whilst  issuing  from  its  substance  close  to  the  inferior  quadrigeminal  bodies  are  the 
two  fourth  or  trochlear  cranial  nerves. 

Fourth  Ventricle  of  the  Brain  (ventriculus  quartus). — The  fourth  ventricle  is 
somewhat  rhomboidal  in  form.  Below,  it  tapers  to  a  point  and  becomes  continuous 
with  the  central  canal  of  the  cord ;  above,  it  narrows  in  a  similar  manner  and  is 
continued  into  the  aqueduct  of  Sylvius,  which  tunnels  the  mesencephalon.  The 
posterior  wall  is  termed  the  roof  and  is  concealed  by  the  cerebellum.  The  anterior 
wall  is  called  the  floor  and  is  formed  by  the  dorsal  surfaces  of  the  medulla  and 
pons.  On  either  side  a  long,  curved  and  narrow  prolongation  of  the  ventricular 
cavity  is  carried  outwards  from  its  widest  part  and  curves  round  the  upper  part 
of  the  corresponding  restiform  body.  This  is  termed  the  lateral  recess.  The  roof 
of  the  cavity  is  very  thin  and  intimately  connected  with  the  cerebellum.  It 
is  better,  therefore,  to  defer  its  description  until  that  part  of  the  brain  has  been 
studied. 

Floor  of  the  Fourth  Ventricle  (fossa  rhomboide-i).  — In  its  lower  part  the 
floor  of  the  fourth  ventricle  is  formed  by  the  dorsal  surface  of  the  open  part  of  the 
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Fig.  391.— Floor  of  the  Fourth  Ventricle.  On  the  right  side  the  right  half  of  the  cerebellum  has  l)eeii 
removed  by  cutting  through  its  three  peduncles  and  dividing  it  in  the  mesial  plane.  On  the  left  side 
the  left  half  of  the  cerebellum  is  drawn  over  to  the  left  so  as  to  expose  fully  the  floor  of  the  ventricle. 

medulla,  whilst  in  its  upper  part  it  is  formed  by  the  dorsal  surface  of  the  pons 
Varolii  (Fig.  388,  p.  482).  The  area  thus  constituted  is  lozenge-shaped,  its  widest 
part  being  opposite  the  upper  ends  of  the  restiform  bodies  or  inferior  peduncles 
of  the  cerebellum.  A  thick  layer  of  gray  matter,  continuous  with  that  which 
surrounds  the  central  canal  of  the  cord,  is  spread  out  like  a  carpet  over  the 
ventricular  floor,  and  covering  this  is  the  usual  ependymal  layer,  which  lines  all 
the  ventricles  of  the  brain.    The  area  is  circumscribed  by  definite  lateral  boundaries. 
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Thus,  helow  it  is  bounded  on  either  side  by  the  clava,  the  cuneate  tubercle,  and 
the  restiform  body  ;  whilst  above  the  lateral  limits  are  formed  by  the  superior 
cerebellar  peduncles. 

The  floor  of  the  fourth  ventricle  is  divided  into  two  lateral  and  symmetrical 
portions  by  a  median  groove.  Its  lower  narrow  pointed  portion  between  the  two 
clavae  receives  the  name  of  the  calamus  scriptorius,  from  its  fancied  resemblance  to 
the  point  of  a  pen.  Crossing  each  half  of  the  floor,  at  its  widest  part,  are  several 
more  or  less  conspicuous  bundles  of  fibres  termed  the  striae  acusticse.  They  appear 
to  emerge  from  the  mesial  groove  and  they  are  carried  outwards  over  the  floor  of 
the  ventricle  in  the  region  between  its  upper  pontine  and  lower  medullary  portions. 
The  striae  acusticse  exhibit  a  large  amount  of  variation  in  different  individuals  both 
in  their  degree  of  prominence  and  also  in  the  direction  which  they  pursue.  As  a 
general  rule  they  proceed  towards  the  upper  part  of  the  restiform  body,  where  they 
are  connected  with  the  cochlear  nuclei.  Except  for  this  break  on  the  surface,  the 
medullary  and  pontine  portions  of  the  floor  of  the  fourth  ventricle  are  quite 
continuous  with  each  other. 

On  the  lower  medullary  district  of  the  ventricular  floor  a  small  triangular 
depression,  placed  immediately  below  the  striae  acusticse,  catches  the  eye.  This  is 
termed  the  fovea  inferior.  It  is  shaped  somewhat  like  an  arrow-head.  The  apex 
or  point  looks  towards  the  stria3,  whilst  the  lateral  angles  of  the  base  are  prolonged 
downwards  in  the  form  of  diverging  grooves  (Fig.  391,  p.  487).  Of  these,  the  inner 
groove  runs  towards  the  opening  of  the  central  canal  at  the  calamus  scriptorius, 
whilst  the  outer  groove  runs  towards  the  lateral  boundary  of  the  floor.  In  this 
manner  the  portion  of  the  floor  which  lies  below  the  striae  acusticse  is  mapped  out 
into  three  triangular  areas.  The  mesial  subdivision  is  slightly  elevated  and  is 
termed  the  trigonum  hypoglossi,  because  subjacent  to  the  inner  part  of  this  area  is 
the  nucleus  of  origin  of  the  hypoglossal  or  twelfth  cranial  nerve.  The  intermediate 
area  between  the  two  diverging  grooves  which  proceed  from  the  base  of  the  fovea 
inferior  is  the  trigonum  vagi  (ala  cinerea),  so  called  because  the  nucleus  of  the 
vagus  or  tenth  and  the  glosso-pharyngeal  or  ninth  cranial  nerves  lies  subjacent  to 
it.  The  external  area  is  the  trigonum  acustici.  The  base  of  this  area  is  directed 
upwards  and  runs  continuously  into  an  eminence — the  acustic  area  (area  acustica) 
— over  which  the  strise  acusticas  pass.  Subjacent  to  this  district  of  the  floor  of  the 
ventricle  lies  the  large  terminal  chief  nucleus  of  the  vestibular  division  of  the 
auditory  or  eighth  cranial  nerve. 

A  close  inspection  of  the  medullaiy  part  of  the  floor  of  the  fourth  ventricle  in  the  region  of 
the  calamus  scriptorius  will  show  that  the  base  of  the  trigonum  vagi  is  se23arated  from  tlie  inner 
margin  of  the  clava  by  a  narrow  lanceolate  strip  of  the  ventricular  floor,  to  which  Ketzius  has 
given  the  name  of  area  postrema.  Beneath  this  area  is  some  vascular  tissue  (Streeter),  and  mark- 
ing it  off  on  its  upper  and  inner  aspect  from  the  base  of  the  trigonum  vagi  there  is  a  translucent 
cord-like  ridge  called  the  funiculus  separans. 

When  the  floor  of  the  ventricle  is  examined  under  water  with  a  magnifying  glass,  the 
trigonum  hypoglossi  is  seen  to  consist  of  a  narrow  inner  strip  which  corresponds  to  the  hypo- 
glossal nucleus,  and  a  wider  lateral  jDart  which  has  been  shown  to  be  the  surface  representation 
of  another  nucleus  termed  the  nucleus  intercalatus  (Streeter). 

On  the  part  of  the  floor  of  the  ventricle  which  lies  above  the  striae  acusticae,  and 
which  corresponds  to  the  dorsal  surface  of  the  pons,  there  is  also  a  slight  depression 
termed  the  fovea  superior.  Between  it  and  the  median  groove  is  a  marked  pro- 
minence called  the  eminentia  teres.  Inferiorly  this  elevation  passes  downwards 
and  becomes  continuous  with  the  trigonum  hypoglossi,  whilst  above  it  is  carried 
upwards  towards  the  opening  of  the  aqueduct  of  Sylvius.  In  both  directions  it 
becomes  gradually  less  prominent,  but  still  it  forms  a  distinct  elongated  elevation, 
which  stretches  along  the  whole  length  of  the  median  groove.  As  already  stated, 
the  area  acustica  extends  upwards  into  the  pontine  part  of  the  ventricular  floor  and 
forms  an  elevated  region  in  the  outermost  part  of  its  widest  portion,  below  and  to 
the  outer  side  of  the  fovea  superior.  Proceeding  upwards  from  the  fovea  superior 
to  the  opening  of  the  Sylvian  aqueduct  there  is  a  shallow  depression  termed  the 
locus  caeruleus,  seeing  that  it  usually  presents  a  faint  slate-gray  colour.  When  the 
ependyma  is  scraped  away  from  the  surface  of  this  part  of  the  floor,  the  colour  is 
seen  to  be  due  to  the  substantia  ferruginea, — a  name  applied  to  a  linear  group  of 
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strongly  pigmented  cells,  which  lies  in  the  lateral  part  of  the  gray  matter  covering 
this  portion  of  the  ventricular  floor.  When  transverse  sections  are  made  through 
the  upper  part  of  the  pons,  the  substantia  ferruginea  appears  on  the  cut  surface 
as  a  small  black  spot  or  dot. 

INTERNAL  STRUCTURE  OF  THE  MEDULLA. 

The  internal  structure  of  the  medulla  differs  in  a  marked  degree  from  that  of 
the  spinal  cord ;  indeed,  in  its  upper  part  it  presents  very  little  in  common  with  the 
latter.  The  various  strands  of  the  cord  either  come  to  an  end  within  the  medulla 
or  undergo  changes  in  their  relative  position,  whilst  the  gray  matter  is  much  modi- 
fied and  new  masses  are  added.  Like  the  cord,  however,  the  medulla  consists  of 
two  nearly  symmetrical  right  and  left  halves.  When  transverse  sections  are  made 
through  it  at  diherent  levels  each  lateral  half  is  seen  to  be  partly  marked  oh'  from 
the  other  in  the  lower  closed  part  of  the  medulla  by  the  anterior  and  posterior 
median  fissures,  whilst  in  the  upper  open  part  of  the  medulla  the  subdivision  is 
rendered  evident  in  transverse  sections  by  the  presence  of  a  distinct  median 
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Fig.  392. — Section  through  the  Lower  End  of  the  Medulla  Oblongata  of  a  Chimpanzee 
to  show  the  decussation  of  the  pyramids. 


line,  called  the  raphe,  which  occupies  the  mesial  plane.  The  raphe  is  formed  by  the 
close  intersection  of  fibres  running  in  different  directions  and  crossing  from  one  side 
to  the  other. 

Each  half  of  the  medulla  is  composed  of :  (a)  strands  of  white  matter ;  (b)  gray 
matter ;  and  (c)  the  formatio  reticularis. 

The  white  matter,  as  in  the  cord,  is  to  a  large  extent  disposed  on  the  surface,  and 
the  gray  matter  in  the  interior ;  but  in  the  upper  open  part  of  the  medulla  the  gray 
matter  conies  to  the  surface  on  the  dorsal  aspect,  and  is  spread  out  over  that  area 
which  forms  the  medullary  part  of  the  floor  of  the  fourth  ventricle.  In  the  cord 
the  white  matter,  in  the  shape  of  massive  longitudinal  strands  of  fibres,  forms  a 
thick  coating  round  the  central  gray  matter.  In  .the  medulla  the  only  massive 
longitudinal  strands  which  are  seen  on  the  surface  are  the  gracile  and  cuneate 
strands  (until  they  become  absorbed  by  the  subjacent  nuclei),  the  inferior  cerebellar 
peduncles  or  restiform  bodies  and  the  pyramidal  tracts.  Elsewhere  the  coating  of 
white  matter  is  thin,  and  in  certain  places  is  composed  chiefly  of  the  superficial 
arcuate  fibres.  New  longitudinal  strands,  however,  take  shape  within  the  medulla, 
and  two  of  the  most  important  are  placed  on  either  side  of  the  median  raphe. 

The  gray  matter  of  the  cord,  as  it  is  continued  upwards  into  the  medulla, 
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becomes  greatly  modified.  A  considerable  part  of  it  is  broken  up  in  the  formatio 
reticularis,  whilst  the  only  portions  which  remain  as  compact  masses  in  direct 
continuity  with  the  gray  matter  of  the  cord  are :  (1)  the  thick  layer  which 
surrounds  the  central  canal,  and  which,  in  the  open  part  of  the  medulla,  becomes 
spread  out  on  the  floor  of  the  fourth  ventricle ;  and  (2)  the  substantia  gelatinosa 
Kolandi.  New  masses  of  gray  matter,  whicli  are  not  represented  in  the  cord,  and 
which  in  some  cases  appear  in  isolated  clumps,  are  also  added.  The  chief  of  these 
are  the  gracile  and  cuneate  nuclei,  the  inferior  olivary  nuclei,  and  the  arcuate  or 
pyramidal  nuclei. 

The  formatio  reticularis  is  only  feebly  represented  in  the  cord,  but  in  the 
medulla  it  forms  a  very  considerable  part  of  its  bulk.  It  is  composed  of  gray 
matter  coarsely  broken  up  by  fibres,  which  traverse  it  in  different  directions. 

In  the  following  detailed  account  of  the  internal  structure  of  the  medulla,  it 
must  be  understood  that  the  appearances  described  are  such  as  are  seen  when 
successive  transverse  sections  through  the  bulb  are  examined. 

Decussation  of  the  Pyramids  and  the  Changes  produced  thereby. — As  we 
pass  under  the  microscope  a  series  of  successive  transverse  sections  through  the 
upper  end  of  the  cord  and  the  lower  end  of  the  medulla,  the  most  striking  change 
which  meets  the  eye  is  the  decussation  of  the  pyramids.  The  crossed  pyramidal 
tract  in  the  lateral  column  of  the  cord  is  seen  to  become  looser  in  its  formation ; 
then  coarse  strands  leave  it,  pass  right  through  the  anterior  horn  of  gray  matter, 
and,  crossing  the  mesial  plane,  take  up  their  position  in  the  other  side  of  the 
medulla,  close  to  the  antero-median  fissure.  Strands  from  the  right  crossed 
pyramidal  tract  alternate  with  corresponding  strands  from  the  left  side,  and  the 
interval  between  the  bottom  of  the  antero-median  furrow  and  the  gray  matter 
surrounding  the  central  canal  becomes  filled  up  with  a  great  mass  of  intercrossing 
bundles  of  fibres.  When  the  decussation  is  completed  the  pyramid  is  seen  to  be 
composed  of  a  solid  and  compact  bundle  of  fibres,  well  marked  off  from  the 
surrounding  structures,  which  lies  at  the  side  of  the  antero-median  fissure  of  the 
medulla. 

As  a  rule  the  inner  three-fourths  of  the  pyramid  is  composed  of  fibres  which,  lower 
down  in  the  opposite  lateral  column  of  the  cord,  form  the  crossed  pyramidal  tract,  whilst 
the  outer  fourth  of  the  pyramid  proceeds  downwards  in  the  anterior  column  of  the  cord  of 
the  same  side  as  the  direct  pyramidal  tract.  A  considerable  amount  of  variation,  however, 
occurs  in  the  proportion  of  fibres  which  is  allotted  to  the  formation  of  these  two  tracts  of 
the  cord.  Sometimes  the  crossed  pyramidal  tract  is  much  larger  than  usual,  and  then 
the  direct  pyramidal  tract  suffers  a  corresponding  diminution  in  size.  Cases  indeed  occur 
in  which  the  entire  pyramid  enters  into  the  decussation,  and  in  these  there  is  no  direct 
pyramidal  tract  in  the  cord.  Further,  it  is  not  uncommon  to  meet  with  variations  of  an 
opposite  kind  which  lead  to  an  increase  of  the  direct  pyramidal  tract  at  the  expense  of  the 
crossed  tract.  In  the  majority  of  cases  the  decussation  appears  to  be  symmetrical — the 
division  of  the  pyramid  at  the  lower  end  of  the  medulla  being  into  parts  of  corresponding 
size  on  the  two  sides ;  in  certain  instances,  however,  the  decussation  is  asymmetrical,  and 
the  corresponding  pyramidal  tracts  on  opposite  sides  of  the  cord  are  then  unequal  in  size. 
Seeing  that  the  direct  pyramidal  tracts  undergo  a  gradual  decussation  in  the  anterior 
commissure,  as  they  descend  in  the  cord,  the  final  result  is  the  same,  no  matter  what 
variations  occur  in  the  decussation  at  the  lower  part  of  the  medulla. 

The  variations  indicated  above  receive  an  additional  interest  when  viewed  in  the  light 
of  comparative  anatomy.  It  would  appear  that  only  in  man  and  the  anthropoid  apes  is 
the  decussation  of  the  pyramids  in  the  lower  part  of  the  medulla  incomplete.  According 
to  Sherrington,  a  direct  pyramidal  tract  in  the  cord  of  the  anthropoid  apes  stands  in  con- 
nexion with  the  arm-centre  in  the  cerebral  cortex.  If  this  be  the  case  in  man  it  must  like- 
wise have  other  connexions  as  well,  seeing  that  it  is  carried  down  the  cord  for  a  considerable 
distance  beyond  the  level  of  the  cord-segments  which  give  motor  fibres  to  the  arm.  In 
the  lower  apes  a  direct  pyramidal  tract  does  not  seem  to  exist :  the  whole  pyramid  crosses 
over  to  the  opposite  side  of  the  cord  in  the  shape  of  the  crossed  pyramidal  tract. 

As  we  have  noted,  the  decussating  pyramidal  bundles  pass  through  the  anterior 
horn  of  gray  matter  of  the  cord,  and  cut  it  into  two  portions  (Figs.  392  and  395). 
The  basal  part  remains  in  position  on  the  anterior  and  lateral  aspect  of  the  central 
canal,  and  forms  part  of  the  thick  layer  of  gray  matter  which  surrounds  it.  The 
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detached  head  of  the  anterior  horn  is  set  free ;  and  from  the  large  multipolar  cells 
which  lie  in  its  midst  some  of  the  fibres  of  the  anterior  root  of  the  first  cervical 
nerve,  and  also  some  of  the  root  fibres  of  the  spinal  accessory  nerve,  take  origin. 

On  proceeding  up  into  the  medulla  another  effect  of  the  decussation  of  the 
pyramids  is  seen  in  the  submergence  from  the  surface  of  the  strand  of  fibres  which, 
in  the  anterior  column  of  the  cord,  lies  to  the  outer  side  of  the  direct  pyramidal 
tract,  and  which  receives  the  name  of  the  anterior  basis-bundle.  While  the  decus- 
sation is  going  on  the  anterior  basis-bundle  is  thrust  aside,  and,  sinking  from  the 
surface,  it  takes  up  its 
position  as  a  flattened 
band  -  like  strand  on 
the  outer  side  of  the 
gradually  increasing 
pyramid  (Fig.  393). 
When  the  decussation 
is  completed,  this 
strand  is  seen  to  lie 
close  to  the  median 
plane  on  the  dorsal 
aspect  of  the  pyramid, 
where  it  is  separated 
from  its  fellow  of  the 
opposite  side  by  the 
median  raphe  alone 
(Fig.  394).  In  the 
upper  part  of  the 
medulla  it  approaches 
still  nearer  to  the 
dorsal  surface  and  appears  to  form  the  greater  part  of  a  strand,  which  is 
termed  the  posterior  longitudinal  bundle  (Figs.  397  and  398).  The  detached  head 
of  the  anterior  horn  of  gray  matter  of  the  cord,  as  it  is  traced  upwards,  is  observed 
to  cling  closely  to  its  original  relationship  with  the  anterior  basis-bundle.  It  is 
applied  to  the  outer  side  of  this  strand,  and,  gradually  becoming  smaller,  finally 
disappears  at  the  level  of  the  lower  part  of  the  inferior  olivary  nucleus. 

Cuneate  and  Gracile  Strands,  with  their  Nuclei. — As  the  funiculus  gracilis 
and  the  funiculus  cuneatus  of  the  posterior  column  of  the  cord  are  traced  up 
into  the  medulla  they  seem  to  increase  in  bulk,  and  in  transverse  sections  they 
assume  the  form  of  massive  wedge-shaped  strands,  quite  distinct  from  each  other. 
When  the  decussation  of  the  pyramids  is  fully  established  they  change  their  shape. 
They  increase  in  width  and  lose  considerably  in  depth,  and  consequently  the 
transverse  diameter  of  the  area  which  they  occupy  becomes  greater.  As  a  result 
of  this,  and  also  owing  to  the  removal  of  the  crossed  pyramidal  tract  from  the 
lateral  region  of  the  cord  immediately  in  front,  the  posterior  horn  of  gray  matter 
is  gradually  rotated  forwards  and  comes  to  lie  transversely  and  in  the  same  straight 
line  with  its  fellow  of  the  opposite  side  (Figs.  393  and  395).  The  substantia 
gelatinosa  Eolandi,  at  the  same  time,  becomes  increased  in  quantity  and  presents 
a  horseshoe- shaped  outline  in  transverse  section.  It  clasps  within  its  concavity  the 
somewhat  reduced  head  of  the  posterior  horn,  and  forms  with  it  a  conspicuous 
circular  mass  of  gray  matter  which  lies  close  to  the  surface,  and  produces  upon  it 
the  bulging  termed  the  funiculus  and  tubercle  of  Eolando.  The  basal  portion  of 
the  posterior  horn  of  gray  matter  remains  upon  the  dorsal  and  lateral  aspect  of  the 
central  canal,  and  forms  a  portion  of  the  central  gray  mass  of  the  closed  part  of 
the  medulla ;  but  very  soon  the  neck  of  the  horn,  which  at  this  level  is  greatly 
reduced  owing  to  the  absence  of  entering  posterior  nerve-roots,  is  invaded  by 
bundles  of  fibres  which  traverse  it  in  different  directions  and  convert  it  into  a 
formatio  reticularis.  By  this  means  the  rounded  head  of  the  posterior  horn  becomes 
cut  off  from  the  central  gray  matter,  and  from  this  point  upwards  it  remains  as 
an  isolated  gray  column  intimately  associated  with  the  spinal  root  of  the  trigeminal 
nerve. 
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The  gracile  and  cuneate  nuclei  take  shape  before  the  decussation  of  the  pyramids 
is  fully  completed  (Fig.  395).  The  gracile  nucleus  appears  in  the  form  of  a  small 
irregular  mass  of  gray  matter  in  the  interior  of  the  funiculus  gracilis,  which 

Funiculus  gracilis 


//       Arcuate  nucleus  covered 
~~         superficially  by  anterior 
superficial  arcuate  flbres 


Fig.  394. — Section  through  the  Closed  Part  ok  Human  Medulla  immediately  above  the 
Decussation  op  the  Pyramids  (Weigert-Pal  Specimen). 

gradually  infiltrates  the  entire  strand.  At  first  it  is  not  directly  connected  with 
the  gray  matter  which  surrounds  the  central  canal ;  but  as  it  is  traced  upwards 
it  increases  in  bulk,  absorbs  more  of  the  strand  in  which  it  lies,  and  such  a  con- 
nexion becomes  established  (Figs.  393  and  394). 

The  cuneate  nucleus,  from  the  first,  is  a  direct  offshoot  from  that  part  of  the  base 

of  the  posterior  horn  of  gray 
matter  which  is  preserved  as  a 
portion  of  the  central  gray  mass. 
In  transverse  section  it  is  seen  to 
invade  the  funiculus  cuneatus 
upon  its  deep  aspect,  and  it 
gradually  grows  backwards  into 
its  substance.  It  presents  a  very 
different  appearance  from  the 
gracile  nucleus,  because  through- 
out its  whole  length  the  gray 
nucleus  and  the  fibres  of  the 
strand  are  separated  from  each 
other  by  a  sharp  line  of  demarca- 
tion. A  second  and  much  smaller 
mass  of  gray  matter  appears  in 
the  funiculus  cuneatus,  super- 
ficial to  the  main  nucleus,  soon  after  the  region  of  the  decussation  of  the  pyramids 
is  left.    This  is  termed  the  accessory  or  the  external  cuneate  nucleus  (Fig.  394). 

Gradually  the  fibres  of  the  gracile  and  cuneate  strands  become  absorbed  in  these 
nuclei.  As  the  gray  masses  gain  in  size  a  corresponding  diminution  in  the  number 
of  fibres  composing  the  corresponding  tracts  is  observed,  until,  at  the  level  of  the 
clava  and  cuneate  tubercles,  it  is  seen  that  these  eminences  are  composed  almost 
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Fig.  395. — Section  through  the  lower  part  of  the 
Medulla  op  the  Orang. 


INTEKNAL  STKUCTUKE  OF  THE  MEDULLA. 


493 


dracile  nucleus 


Funiculus, 
cuneatus 


Si)inal 
root  of  htth 

nerve. 


Lower  end 
of  olivary 
eminence 


\  Substantia 
i^elatinosa 
Rolandi 

Decussation  of 
fillet 


Mesial 

accessory  Ijie- 
olivary  nucleus 
Fascicles  of 
,.^'^hypoglossal 
nerve 


I'yramid 


Fig.  396. — Transverse  Section  through  the  Closed  Part  op  a  Fcetal 
Medulla,  immediately  above  the  Decussation  of  the  Pyramids. 

Treated  by  Weigert-Pal  method. 


entirely  of  the  gray  nuclei,  covered  by  a  thin  skin  of  the  few  remaining  fibres  of 
the  two  strands  involved.  It  would  appear  that  no  fibres  belonging  to  the  funiculus 
gracilis  and  funiculus  cuneatus  get  beyond  these  nuclei.  They  all  end  in  fine 
terminal  ramifications  around  the  cells  of  the  nuclei.  In  the  case  of  the  funiculus 
cuneatus  the  bundles 

of     fibres,     as     they  Funiculus  gracilis 

pass  from  the  sur- 
face into  the  sub- 
jacent gray  nucleus, 
are  very  distinctly 
seen  in  transverse 
sections  through  the 
medulla. 

When  the  med- 
ulla oblongata  opens 
up  into  the  fourth 
ventricle  the  gracile 
and  cuneate  nuclei 
are  pushed  outwards 
by  the  expanding 
ventricular  floor,  and 
the  gracile  nucleus 
soon  comes  to  an 
end ;  but  the  cuneate 

nucleus  extends  upwards  for  a  short  distance  farther,  and  only  terminates  when 
the  restiform  body  begins  to  take  definite  shape  on  its  outer  aspect. 

Decussation  of  the  Fillet  (decussatio  lemniscorum). — Immediately  above  the 
level  of  the  decussation  of  the  pyramids  another  decussation  of  fibres  in  the  median 
plane,  and  upon  the  dorsal  aspect  of  the  pyramids,  takes  place  in  the  substance  of 

the  medulla.  This 
is  termed  the  decus- 
sation of  the  fillet, 
or  the  sensory  de- 
cussation, in  contra- 
distinction to  the 
term  "  motor  decus- 
sation," which  is 
sometimes  applied 
to  the  decussation 
of  the  pyramids. 
The  fibres  which 
take  part  in  this 
decussation  are 
called  deep  arcuate 
fibres  (fibra3  arcuatse 
internee),  and  they 
are  derived  from 
the  cells  of  the 
gracile  and  cuneate 
nuclei.  From  the 
deep  aspects  of  these 
nuclei  these  fibres 
stream  forwards  and 
inwards  towards  the 
median  raphe,  form- 
ing a  series  of  con- 
cross  the  mesial  plane 
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Fig.  397. — Transverse  Section  through  the  Human  Medulla  in  the 
Lower  Olivary  Region. 


centric  curves  in  the  substance  of  the  medulla.  They 

and  decussate  with  the  corresponding  fibres  of  the  opposite  side,  upon  the  dorsal 
aspect  of  the  pyramids.    Having  thus  gained  the  opposite  side  of  the  medulla  they 


494 


THE  NERVOUS  SYSTEM. 


immediately  turn  upwards  and  form  a  conspicuous  strand  of  longitudinal  fibres, 
which  ascends  close  to  the  mesial  plane  and  is  separated  from  its  fellow  of  the 
opposite  side  by  the  median  raphe  alone.  This  strand  is  termed  the  fillet  or 
lemniscus. 

As  we  proceed  up  the  medulla  the  deep  arcuate  fibres  which  first  come  into  sight 
appear  as  coarse  bundles  which  curve  forwards  in  a  narrow  group  around  the  central  gray 
matter  (Figs.  394  and  396).  Soon  other  finer  bundles  appear,  which  describe  wider  curves 
on  the  outer  side  of  the  coarser  group  until  a  very  large  part  of  each  lateral  half  of  the 
medulla  is  seen  to  be  traversed  by  these  arcuate  fasciculi  (Fig.  397).  As  they  approach 
the  mesial  plane  they  come  in  contact  with  the  remains  of  the  anterior  basis-bundle, 
which  at  this  level,  as  already  mentioned,  lies  upon  the  dorsal  aspect  of  the  pyramid, 
flattened  up  against  the  raphe.  The  deep  arcuate  fibres  pierce  the  anterior  basis-bundle 
obliquely,  and  in  the  interval  between  it  and  the  corresponding  strand  of  the  opposite  side 
they  decussate  in  the  middle  line  with  the  deep  arcuate  fibres  of  the  opposite  side.  They 
then  change  their  direction  and  turn  upwards,  and  the  fillet,  as  already  stated,  takes 
form  and  gradually  increases  in  volume  as  it  ascends.  This  great  and  important  tract  is 
thus  laid  down  between  the  pyramid  and  the  anterior  basis-bundle ;  and  the  consequence 
of  this  is  that  the  latter  tract  is  pushed  still  farther  backwards,  and,  when  the  fillet  is 
fully  established,  it  comes  to  lie  immediately  beneath  the  gray  matter  of  the  floor  of  the 
fourth  ventricle  (Fig.  398). 

It  is  important  that  we  should  realise  at  this  stage  the  full  significance  of  the  decussation 
of  the  fillet  and  have  a  clear  conception  of  the  connexions  of  the  fibres  which  take  j)art  in  it. 
The  columns  of  Burdach  and  GoU,  which  end  in  the  cuneate  and  gracile  nuclei,  are  derived  from 
the  posterior  roots  of  the  spinal  nerves.  The  fillet  fibres  therefore  carry  on  the  continuity  of  the 
posterior  columns  of  the  cord,  the  gracile  and  cuneate  nuclei,  which  are  thrown  across  their  path 
in  the  lower  part  of  the  medulla,  merely  constituting  an  internoclal  interruption.  At  this  point 
the  fillet  strand  is  transferred  to  the  opposite  side  of  the  medulla.  But  it  will  be  rememlDered 
that  a  large  projDortion  of  the  fibres  of  the  entering  posterior  nerve-roots  of  the  spinal  nerves  end 
in  connexion  with  the  cells  of  the  posterior  horn  of  gray  matter  of  the  cord.  It  must  not  be 
supj)Osecl  that  the  path  rej^resented  by  these  latter  fibres  comes  to  a  termination  thereby  ;  from 
these  posterior  horn  cells  other  fibres  arise  which  cross  to  the  opposite  side  of  the  cord  in  the 
anterior  white  commissure  and  proceed  up  the  cord  to  the  lateral  part  of  the  medulla.  These 
|fil3res  constitute  the  spino -thalamic  tract  already  referred  to.  The  jDractical  bearing  of  this  is 
that  owing  to  the  crossing  of  the  fillet  and  lower  down  of  the  spino-thalamic  tract  unilateral 
lesions  of  the  medulla  are  apt  to  produce  comj^lete  henii-ansesthesia  ;  whilst  unilateral  lesions  of 
the  cord  produce  only  partial  hemi-antesthesia. 

When  the  fillet  is  fully  formed  three  longitudinal  strands  are  observed  travers- 
ing the  medulla,  close  to  the  mesial  plane.  From  before  backwards  these  are :  (1) 
the  pyramid,  (2)  the  fillet,  and  (3)  the  posterior  longitudinal  bundle. 

The  pyramid  forms  a  massive  tract  in  front  of  and  quite  distinct  from  the 
fillet.  The  fillet  and  the  posterior  longitudinal  bundle  are,  in  the  first  instance, 
not  marked  off  from  each  other.  They  appear  as  a  broad  flattened  band  applied 
to  the  raphe.  One  edge  of  this  band  is  directed  backwards  and  reaches  the  gray 
matter  on  the  floor  of  the  fourth  ventricle,  while  the  other  edge  looks  forwards, 
and  is  in  contact  with  the  pyramid.  In  the  upper  part  of  the  medulla  the  fillet 
and  the  posterior  longitudinal  fasciculus  begin  to  draw  asunder  from  each  other. 
The  intermediate  longitudinal  fibres  become  reduced  in  number  and  the  two 
strands  grow  denser — the  one  on  the  dorsal  aspect  of  pyramid,  and  the  other 
immediately  beneath  the  gray  matter  of  the  floor  of  the  fourth  ventricle  (Fig.  398). 

The  posterior  longitudinal  bundle  (fasciculus  longitudinalis  medialis)  is  thus 
largely  formed  out  of  fibres,  which  in  the  cord  constitute  the  anterior  basis-bundle. 
These  fibres  are  thrust  back  by  the  two  decussations :  the  first  decussation  pushing 
them  behind  the  pyramids,  and  the  second  decussation  displacing  them  still  farther 
backwards  to  a  position  behind  the  fillet. 

Olivary  Nuclei. — The  most  conspicuous  of  the  isolated  clumps  of  gray  matter 
in  the  medulla  are  the  inferior  olivary  nucleus  and  the  two  accessory  olivary 
nuclei.  The  inferior  olivary  nucleus  (nucleus  olivaris  inferior)  lies  subjacent  to  the 
olivary  eminence,  and  constitutes  a  very  striking  object  in  transverse  sections 
through  this  region.  It  presents  the  appearance  of  a  thick  wavy  or  undulating  line 
of  gray  matter,  folded  on  itself,  so  as  to  enclose  a  space  filled  with  white  matter. 
It  is  in  reality  a  crumpled  lamina  arranged  in  a  purse-like  manner,  wdth  an  open 
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mouth  or  slit,  which  is  called  the  hilum  (hilum  nuclei  ohvaris).  directed  towards  the 
mesial  plane.    The  hilum  does  not  reach  either  extremity,  so  that  in  transverse 
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Fig.  398.— Transverse  Section  through  the  Middle  of  the  Olivary  Region  of  the  Human  Medulla 

OR  Bulb. 

The  floor  of  the  fourth  ventricle  is  seen,  and  it  will  he  noticed  that  the  restiform  body  on  each  side  has 

now  taken  definite  shape. 

sections  through  each  end  of  the  nucleus  the  gray  lamina  is  seen  in  the  form  of  a 
completely  closed  capsule.    Into  and  out  of  the  open  mouth  of  the  olivary  capsule 


streams  a  dense  crowd  of  fibres.  These 


constitute  what  is 
peduncle. 


called  the  olivary 


The  accessory  olivary 
nuclei  are  two  band-like 
laminae  of  gray  matter,  which 
are  respectively  placed  on  the 
dorsal  and  mesial  aspects  of 
the  main  nucleus.  In  trans- 
verse section  each  of  these 
nuclei  presents  a  rod  -  like 
appearance  (Fig.  398). 

The  mesial  accessory  oli- 
vary nucleus  (nucleus  olivaris 
accessorius  mesialis)  extends 
lower  down  in  the  medulla  than 
the  main  nucleus,  and  it  is  much 
Fig.  399.— The  Inferior  Olivary  Nucleus,  as  reconstructed  and  larger  in  its  lower  than  its  upper 

part.  It  begins  immediately 
above  the  decussation  of  the 
pyramids,  where  it  is  seen  lying 
on  the  outer  side  of  the  pyramidal  tract  and  the  anterior  basis-bundle  (Figs.  394  and  396). 
Higher  up  it  lies  across  the  mouth  of  the  main  nucleus  and  on  the  outer  side  of  the  fillet 
The  dorsal  accessory  olivary  nucleus  (nucleus  olivaris  accessorius  dorsalis)  is  placed 
-close  to  the  dorsal  aspect  of  the  main  nucleus.  The  two  accessory  nuclei  fuse  together 
before  they  finally  disappear. 

The  gray  matter  forming  the  tliree  inferior  olivary  nuclei  consists  of  a  close  feltwork 
■of  neuroglia  in  which  are  interspersed  numerous  small  round  cells,  each  of  which  is 
provided  with  one  axon  and  numerous  dendrites.    It  is  traversed  by  fibres,  some  of  which 


The  Inferior  Olivary  Nucleus,  as  reconstructed  and 
figured  l)y  Miss  Florence  R.  Sabin. 

View  of  the  dorso-lateral  and  lateral  surfaces. 
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400, — Diagram, 


Which  shows  in  part  the  fibres  which  enter  into 
the  constitution  of  the  restiform  body. 


pass  straight  through  the  gray  lamina,  whilst  others  end  in  connexion  with  the  cells.  It 
is  only  in  man  and  the  higher  apes  that  the  inferior  olivary  nuclei  are  found  strongly 
developed.  In  other  mammals  they  are  much  smaller.  The  size  of  the  olive  appears  to 
be  correlated  with  that  of  the  lateral  hemisphere  of  the  cerebellum  and  not  in  any  way  to 
be  dependent  on  the  development  of  the  cerebral  hemisphere.  Thus  in  cetacea  with  a 
very  extensive  cerebral  cortex  the  inferior  olivary  nuclei  are  small  (Edinger). 

As  the  fibres  of  the  fillet  decussate  and  assume  a  longitudinal  direction  they 

come  to  lie  between  the  olivary  nuclei  of 
opposite  sides,  and  hence  the  term  inter- 
olivary  stratum  (stratum  interolivare  lem- 
nisci)  is  frequently  applied  to  them. 

Restiform  Body  (corpus  restiforme). — 
The  gracile  and  cuneate  nuclei  gradually  give 
place  to  the  restiform  body  in  the  upper  part 
of  the  posterior  district  of  the  medulla.  Fibres 
from  various  quarters  converge  to  form  this 
great  strand.  It  first  takes  shape  as  a  thin 
superficial  layer  of  longitudinal  fibres,  which 
are  gathered  together  on  the  outside  of  the 
cuneate  nucleus ;  but  after  that  nucleus  has 
come  to  an  end,  and  as  the  upper  part  of  the 
medulla  is  reached,  the  restiform  body  is 
seen  to  have  grown  into  a  massive  strand, 
which  presents  a  kidney-shaped  or  oval  out- 
line on  transverse  section  (Fig.  398),  and 
which  ultimately  enters  the  white  central 
core  of  the  cerebellum  as  its  inferior  peduncle.  The  fibres  which  build  up  the 
restiform  body  are  the  following:  (1)  the  direct  cerebellar  tract;  (2)  the  posterior 
superficial  arcuate  fibres ;  (3)  the  anterior  superficial  arcuate  fil)res ;  and  (4) 
cerebello- olivary  fibres. 

The  direct  cerebellar  tract  extends  upwards  from  the  lateral  column  of  the  cord. 
In  the  lateral  district  of  the 
medulla  it  occupies  a  similar 
position  ;  but  before  the  olivary 
eminence  is  reached  it  inclines 
backwards,  crosses  the  postero- 
lateral furrow  and  passes  ob- 
liquely upwards  into  the  resti- 
form body.  As  its  fibres  diverge, 
backwards  they  pass  over  the 
tubercule  of  Kolando  and  cover 
up  the  spinal  root  of  the  tri- 
geminal nerve  and  the  substantia 
Eolandi,  thus  shutting  them  out 
from  the  surface.  The  fibres 
of  the  direct  cerebellar  tract 
in  the  first  instance  enter  into 
the  outer  or  superficial  part  of 
the  restiform  body. 

Bruce  has  shown  that  the  fibres  of  the  direct  cerebellar  tract  ultimately  lie  in  the  centre  of  the 
restiform  body,  forming  as  it  were  its  central  core,  and  that  in  the  cerebellum  they  can  be  traced 
to  the  superior  vermis. 

The  posterior  superficial  arcuate  fibres  take  origin  from  the  gracile  and  cuneate 
nuclei,  and  enter  the  superficial  part  of  the  restiform  body  of  the  same  side. 

The  anterior  superficial  arcuate  fibres  proceed  from  the  lower  portions  of  the 
gracile  and  cuneate  nuclei  of  the  opposite  side.  After  decussating  in  the  middle 
line,  it  can  easily  be  determined  that  all  the  deep  arcuate  fibres  which  arise  from 
these  nuclei  do  not  enter  the  fillet.  A  large  proportion  of  them  gain  the  surface  by 
sweeping  round  the  inner  aspect  of  the  pyramid  in  the  antero-rnesial  fissure.  Many 
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Fig.  401. — Section  through  the  Junction  between 
THE  Cord  and  Medulla  of  the  Orang. 

The  direct  cerebellar  tract  is  well  seen,  especially  on  the  right  side. 
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of  them  likewise  gain  the  surface  by  piercing  the  pyramid  or  by  passing  out 
between  it  and  the  olive.  These  fibres  constitute  the  anterior  superficial  arcuate 
group,  and  on  the  surface  of  the  medulla  they  sweep  backwards  around  it,  forming 
a  thin  layer  over  the  olivary  eminence  and  ultimately  reaching  the  restiform  body. 
The  anterior  superficial  arcuate  fibres,  as  well  as  the  direct  cerebellar  tract-fibres, 
cover  over  the  trigeminal  spinal  root,  which  thus  comes  to  take  up  a  deeper  posi- 
tion in  the  substance  of  the  medulla  (Figs.  397  and  398). 

Amongst  the  fibres  which  reach  the  surface  of  the  medulla  in  this  way  Kolliker  includes 
fibres  from  the  strise  acusticse.  If  this  be  the  case,  these  fibres  connect  the  cochlear  nucleus 
with  the  cerebellum,  the  path  being  strise  acusticae,  superficial  arcuate  fibres,  and  restiform 
body  {vide  p.  522). 

The  fibres  of  the  direct  cerebellar  tract,  which  come  from  the  cells  of  the  posterior  vesicular 
column  of  the  cord,  and  the  superficial  j)Osterior  arcuate  fibres,  which  are  derived  from  the  cells 
of  the  gracile  and  cuneate  nuclei,  do  not  cross  the  mesial  plane,  but  enter  the  restiform  body  of 
the  same  side.  The  anterior  superficial  arcuate  fibres  arise  from  the  cells  of  the  cuneate  and 
gracile  nuclei,  and  cross  the  mesial  plane  so  as  to  gain  the  restiform  body  of  the  opposite  side. 

The  cerebello-olivary  fibres  are  only  seen  in  the  upper  part  of  the  medulla.  They 
form  the  deep  part  of  the  restiform  body  and  constitute  its  chief  bulk.  Streaming 


NUCLEUS 

Fig.  402. — Diagram  of  the  Cerebello-Olivary  Fibres. 
(This  diagram  has  been  constructed  from  the  specimen  figured  on  p.  495.) 
N.X.,  Vago-glossopharyngeal  nucleus.  N.XIL,  Hypoglossal  nucleus. 

out  from  the  hilum  of  the  inferior  olivary  nucleus,  they  cross  the  mesial  plane,  and 
in  the  opposite  side  of  the  medulla  they  either  pass  through  the  inferior  olivary 
nucleus  of  that  side  or  sweep  around  it.  Ultimately,  on  the  dorsal  aspect  of  the 
olivary  nucleus,  they  are  gathered  together  in  the  form  of  a  conspicuous  group  of 
arcuate  fibres,  which  curve  backwards  to  take  up  a  position  in  the  deep  part  of  the 
restiform  body.  In  passing  back,  they  traverse  the  spinal  root  of  the  trigeminal 
nerve  and  break  it  up  into  several  separate  bundles.  The  cerebello-olivary  fibres 
thus  connect  the  inferior  olivary  nucleus  of  one  side  with  the  opposite  side  of  the 
cerebellum. 

Although  we  have  traced  the  cerebello-olivary  tract  in  an  upward  direction  from  the  olive  to 
the  cerebellum,  and  have  thus  inferred  that  it  is  composed  of  fibres  which  proceed  from  the  cells 
of  the  inferior  olivary  nucleus  of  the  opposite  side,  it  is  right  to  state  that  this  view  is  not  uni- 
versally accepted.  There  are  some  who  regard  these  fibres  as  constituting  an  efferent  tract  from 
the  cerebellum,  or,  in  other  words,  as  arising  in  the  cerebellar  cortex  (probably  as  the  axons  of 
the  cells  of  Purkinje),  and  descending  in  the  inferior  cerebellar  peduncle  to  establish  connexions 
with  the  cells  of  the  inferior  olivary  nucleus  of  the  opposite  side.    If  this  view  be  correct,  the 
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destination  of  the  axons  of  the  cells  of  the  inferior  olivary  nucleus  becomes  a  diflB.culty,  but 
Kcilliker  considers  that  they  enter  the  lateral  column  of  the  cord. 

Arcuate  Nucleus  (nucleus  arcuatus).^ — Immediately  above  the  decussation  of 
the  pyramids,  a  small  flattened  mass  of  gray  matter,  covered  by  super ticial  arcuate 
fibres,  makes  its  appearance  on  the  ventral  or  superficial  aspect  of  the  pyramid 
(Fig.  393).  At  a  higher  level,  when  the  open  part  of  the  medulla  is  reached,  this 
gray  mass  shifts  its  position  and  comes  to  lie  upon  the  mesial  aspect  of  the 
pyramid,  and  thus  constitutes  the  immediate  boundary  of  the  antero- median 
fissure  (Fig.  398).  From  its  intimate  connexion  with  the  anterior  superficial 
arcuate  fibres,  as  they  sweep  out  from  the  antero-median  fissure,  it  receives  the 
name  of  the  arcuate  nucleus. 

The  nerve-cells  which  lie  in  its  midst  are  smaller  than  those  of  the  inferior  olivary  nucleus, 
and  are  fusiform  in  shape.  It  would  appear  that  large  numbers  of  the  anterior  superficial  arcuate 
fibres  end  in  this  nucleus,  whilst  others  take  origin  within  it.  Many  of  the  anterior  arcuate 
fibres,  however,  sweep  continuously  over  its  surface  and  bind  it  down  to  the  pyramid.  At  the 
upper  end  of  the  medulla  the  arcuate  nucleus  increases  in  size,  and  ultimately  it  becomes  con- 
tinuous with  the  gray  matter  of  the  ventral  part  of  the  pons. 

Formatio  Reticularis. — Behind  the  olive  and  the  pyramid  is  the  formatio 
reticularis.  In  the  medulla  it  occupies  a  position  which,  to  a  large  extent,  corre- 
sponds with  that  of  the  lateral  column  in  the  spinal  cord.  In  transverse  section  it 
appears  as  an  extensive  area,  which  is  divided  into  a  lateral  and  a  mesial  field  by 
the  root  fascicles  of  the  hypoglossal  nerve  as  they  traverse  the  substance  of  the 
medulla  to  reach  the  surface.  In  the  lateral  portion  which  lies  behind  the  olive 
there  is  a  considerable  quantity  of  gray  matter,  continuous  with  that  in  the  cord, 
present  in  the  reticular  formation ;  it  is,  therefore,  called  the  formatio  reticularis 
grisea.  In  the  mesial  part  which  lies  behind  the  pyramid  the  gray  matter  is 
extremely  scanty,  and  the  reticular  matter  here  is  termed  the  formatio  reticularis 
alba. 

In  the  formatio  grisea  many  of  the  cells  which  are  scattered  thickly  amongst  the  intersecting 
bundles  of  fibres  are  to  be  regarded  as  association  cells.  They  possess  short  axons,  which  serve  to  bind 
difi'erent  levels  of  the  medulla  to  each  other,  and  therefore  constitute  association  fibres.  Probably 
the  combined  and  harmonious  activity  exhibited  by  the  nuclei  of  the  vagus,  facial  and  phrenic 
nerves  in  the  process  of  resj^iration,  is  attained  through  the  nuclear  connexions  established  by 
these  fibres  (Edinger).  Certain  compact  masses  of  gray  matter  are  also  seen  in  the  formatio 
grisea.  Of  these  may  be  mentioned  (a)  the  dorsal  accessory  olivary  nucleus,  which  has  been 
already  described,  and  (&)  the  nucleus  lateralis.  The  nucleus  lateralis  is  seen  in  the  region 
between  the  olive  and  the  substantia  gelatinosa  Rolandi.  In  the  upjjer  part  of  the  medulla  it 
gradually  becomes  diftuse  and  disappears. 

Except  in  the  immediate  vicinity  of  the  raphe,  the  formatio  alba  may  be  said  to  be  devoid  of 
cells.  The  mesial  accessory  olive,  however,  forms  an  isolated  compact  mass  of  gray  matter  within 
its  limits. 

The  nerve  fibres  which  traverse  the  formatio  reticularis  run  both  in  a  transverse 
and  a  Lmgitudinal  direction.  The  transverse  fibres  are  the  deep  arcuate  fibres. 
The  longitudinal  fibres  are  derived  from  different  sources  in  the  two  fields.  In  the 
formatio  grisea  they  represent  to  a  large  extent  the  fibres  of  the  lateral  column  of 
the  cord,  after  the  removal  of  the  direct  cerebellar  and  the  crossed  pyramidal  tracts. 
They  consist,  therefore,  of  the  fibres  of  the  tract  of  Gowers  and  of  fibres  correspond- 
ing to  the  lateral  basis-bundle  of  the  cord.  In  the  formatio  alba  the  longitudinal 
fibres  are  the  tract  of  the  fillet  and  the  posterior  longitudinal  bundle,  both  of  which 
have  already  been  sufficiently  described. 

Central  Canal  and  the  Gray  Matter  which  surrounds  it. — The  central  canal, 
as  it  proceeds  upwards  through  the  closed  part  of  the  medulla,  is  gradually  forced 
to  assume  a  more  dorsal  position,  owing  to  the  accumulation  of  fibres  on  its  ventral 
aspect.  First  the  decussation  of  the  pyramids,  and  then  the  decussation  of  the 
fillet,  both  of  which  take  place  in  front  of  the  canal,  tend  to  push  it  backwards ; 
and  the  formation  of  the  longitudinal  strands  in  which  these  intercrossings  result 
(viz.  the  pyramid  and  tbe  fillet),  together  with  the  continuation  upwards  of  the 
anterior  basis -bundle,  lead  to  a  great  increase  in  the  amount  of  tissue  which 
separates  it  from  the  anterior  surface  of  the  medulla.  In  the  closed  part  of  the 
medulla  it  is  surrounded  by  a  thick  layer  of  gray  matter,  which  is  continuous  with 
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the  basal  portions  of  the  anterior  and  posterior  horns  of  gray  matter  in  the  cord. 
This  central  gray  matter  is  sharply  defined  on  each  side  by  the  deep  arcuate  fibres 
which  curve  forwards  and  inwards  around  it.  Finally,  the  central  canal  opens  on 
the  dorsal  aspect  of  the  medulla  into  the  cavity  of  the  fourth  ventricle.  The 
central  mass  of  gray  matter  which  surrounds  the  canal  in  the  closed  part  of  the 
medulla  is  now  spread  out  in  a  thick  layer  on  the  floor  of  the  fourth  ventricle,  and 
in  such  a  manner  that  the  portion  which  corresponds  to  the  basal  part  of  the 
anterior  horn  of  the  cord  is  situated  close  to  the  mesial  plane,  whilst  the  part  which 
represents  the  base  of  the  posterior  horn  occupies  a  more  lateral  position.  This  is 
important,  because  the  nucleus  of  origin  of  the  motor  hypoglossal  nerve  is  placed 
in  the  mesial  part  of  the  floor,  whilst  the  nuclei  of  termination  of  the  afferent  fibres 
of  the  vagus,  glosso-pharyngeal,  and  auditory  nerves  lie  in  the  lateral  part  of  the 
floor.    The  gray  matter  of  the  ventricular  floor  is  covered  by  ependyma. 

Three  Areas  of  Flechsig. — In  transverse  sections,  through  the  upper  open  part  of  the 
medulla,  the  root  fibres  of  the  hypoglossal  and  vagus  nerves  are  seen  traversing  the  substance  of 
the  medulla.  The  nucleus  of  origin  of  the  hypoglossal  is  placed  in  the  gray  matter  of  the  floor 
of  the  fourth  ventricle  close  to  the  mesial  plane  ;  the  nucleus  of  the  vagus  is  situated  in  the 
gray  matter  of  the  ventricular  floor  immediately  to  the  outer  side  of  the  hypoglossal  nucleus. 
From  these  nuclei  the  root-bundles  of  the  two  nerves  diverge  from  each  other  as  they  are  traced 
to  the  surface  and  subdivide  the  substance  of  the  medulla,  as  seen  in  transverse  section,  into  the 
three  areas  of  Flechsig,  viz.  an  anterior,  a  lateral,  and  a  posterior. 

The  anterior  area,  which  is  bounded  internally  by  the  median  raphe  and  externally  by  the 
hypoglossal  roots,  presents  within  its  limits  :  (a)  the  formatio  alba ;  (6)  the  jDyramid ;  (c)  the 
fillet ;  (d)  the  posterior  longitudinal  fasciculus ;  {e)  the  mesial  accessory  olivary  nucleus  ;  (/)  the 
arcuate  nucleus. 

The  lateral  area  lies  between  the  root  fibres  of  the  hypoglossal  and  those  of  the  vagus.  It 
contains  :  (a)  the  inferior  olivary  nucleus  ;  (h)  the  dorsal  accessory  olivary  nucleus  ;  {c)  the  nucleus 
lateralis  ;  {d)  the  nucleus  ambiguus,  or  the  motor  nucleus  of  the  vagus  and  glosso-pharyngeal 
nerves  ;  (e)  the  formatio  reticularis  grisea. 

The  posterior  area  is  situated  behind  the  vagus  roots,  and  within  its  limits  are  seen  :  (1)  the 
restiform  body ;  (2)  the  upjDer  part  of  the  cuneate  nucleus  ;  (3)  to  the  inner  side  of  this  a  crowd 
of  transversely-cut  bundles  of  fibres,  loosely  arranged  and  forming  the  descending  root  of  the 
vestibular  part  of  the  auditory  nerve  ;  (4)  close  to  these,  but  placed  more  deeply,  a  round,  com- 
pact, and  very  conspicuous  bundle  of  transversely- cut  fibres,  viz.  the  fasciculus  solitarius,  or 
descending  root  of  the  vagus  and  glosso-pharyngeal  nerves  ;  (5)  the  substantia  gelatinosa  Rolandi, 
much  reduced,  with  the  large  spinal  root  of  the  trigeminal  nerve  close  to  its  outer  side. 

INTERNAL  STRUCTURE  OF  THE  PONS  VAROLII. 

When  transverse  sections  are  made  through  the  pons,  it  is  seen  to  be  composed 
of  a  ventral  part  and  a  dorsal  or  tegmental  part.  The  ventral  part  is  much  the 
larger  of  the  two,  and,  broadly  speaking,  it  corresponds  to  the  pyramidal  portions 
of  the  medulla  and  the  pedal  portions  of  the  two  crura  cerebri,  which  lie  above  it  and 
appear  to  issue  from  it.  The  dorsal  tegmental  part  may  be  regarded  as  the  con- 
tinuation upwards  of  the  formatio  reticularis  grisea  and  the  formatio  reticularis 
alba.  As  these  parts  are  traced  upwards  into  the  pons  they  become  much  modified, 
and  new  constituents  are  added. 

Ventral  Part  of  the  Pons  (pars  basilaris  pontis). — This  constitutes  the  chief 
bulk  of  the  pons.  It  is  composed  of:  (1)  transverse  fibres  arranged  in  coarse 
bundles ;  (2)  longitudinal  fibres,  gathered  together  in  massive  bundles ;  and  (3)  a 
large  amount  of  gray  matter,  termed  the  nucleus  pontis,  which  fills  up  the  inter- 
stices between  the  intersecting  bundles  of  fibres. 

The  longitudinal  fibres,  to  a  large  extent,  consist  of  the  same  fibres  which,  lower 
down,  are  gathered  together  in  the  two  solid  pyramidal  tracts  of  the  medulla. 
When  the  pyramids  are  traced  upwards  they  are  seen  to  enter  the  pons  in  the 
form  of  two  compact  bundles.  Soon,  however,  they  become  broken  up  into 
smaller  bundles  by  the  transverse  fibres  of  the  pons,  and  are  spread  out  over  a 
wider  area.  At  the  upper  border  of  the  pons  they  again  come  together  and  form 
two  solid  strands,  each  of  which  is  carried  into  the  central  part  of  the  correspond- 
ing pedal  portion  of  the  crus  cerebri. 

The  transverse  fibres  at  the  lower  border  of  the  pons  are  placed  on  the  super- 
ficial or  ventral  aspect  of  the  pyramidal  bundles.  As  we  proceed  upwards  they 
increase  in  number,  and  many  are  seen  breaking  through  the  pyramids  and  even 
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passing  across  upon  the  dorsal  aspect  of  the  latter.  Laterally  these  transverse 
fibres  are  collected  together  into  one  compact  mass,  which  enters  the  white  central 
core  of  the  cerebellum  and  constitutes  the  middle  cerebellar  peduncle.  At  the 
mesial  plane  the  transverse  fibres  of  the  two  sides  of  the  ventral  portion  of  the 
pons  intercross  and  form  a  coarse  decussation. 

The  gray  matter  (the  nucleus  pontis)  forms  a  considerable  part  of  the  bulk  of 
the  ventral  portion  of  the  pons.  It  is  packed  into  the  intervals  between  the  inter- 
secting transverse  and  longitudinal  bundles. 

There  is  a  close  analogy  between  the  pyramidal  portions  of  the  medulla  and  the  ventral 
part  of  the  pons.  In  the  medulla  fine  arcuate  fibres  on  their  way  to  the  surface  pass  through 
the  pyramids.  Other  superficial  arcuate  fibres  sweep  over  the  surface  of  the  pyramids.  These 
present  a  strong  resemblance  to  the  transverse  fibres  of  the  pons.  They  likewise  reach 
the  cerebellum,  although  by  a  different  route,  viz.  the  inferior  cerebellar  peduncle.  The 
nucleus  pontis  is  also  represented  in  the  pyramidal  part  of  the  medulla  by  the  arcuate 
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Fig.  403, — Section  through  the  Lower  Part  of  the  Human  Pons  Varolii  immediately  above 

THE  Medulla. 


nuclei,  which  are  covered  over  by  the  superficial  arcuate  fibres,  and  even  tend  to  penetrate, 
to  a  slight  extent,  into  the  pyramidal  tracts.  These  arcuate  nuclei,  as  already  pointed  out, 
are  continuous  with  the  nucleus  pontis. 

Connexions  of  the  Longitudinal  and  Transverse  Fibres. — Our  knowledge  of 
the  connexions  of  the  longitudinal  and  transverse  fibres  of  the  ventral  part  of  the  pons  is 
very  far  from  being  complete.  When  a  transverse  section  through  the  upper  part  of  the 
pons  is  compared  with  one  close  to  its  lower  border,  it  becomes  at  once  apparent  that  the 
numerous  scattered  bundles  of  longitudinal  fibres  which  enter  the  ventral  part  of  the  pons 
from  above,  if  brought  together  into  one  tract,  would  form  a  strand  very  much  larger  than 
the  two  pyramids  which  leave  its  lower  aspect  and  enter  the  medulla.  It  is  clear,  there- 
fore, that  many  of  the  longitudinal  fibres  which  pass  into  the  pons  from  above  do  not  pass 
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(1)  those  which  arise  in  the  cortex  of  the 


out  from  it  below  into  the  medulla.  What  becomes  of  these  fibres  that  are  thus  absorbed  in 
the  pons  ?  It  is  known  that  the  pyramidal  bundles  suffer  a  small  loss  by  the  fibres  which 
they  send  to  the  nuclei  of  origin  of  the  efferent  nerves  which  arise  within  the  pons  (viz.  the 
motor  root  of  the  fifth,  the  sixth,  and  seventh  nerve  nuclei) ;  but  this  loss  is,  comparatively 
speaking,  trifling.  It  is  clear,  therefore,  that  other  longitudinal  bundles  enter  the  pons 
from  above  than  those  which  form  the  pyramidal  tracts.  These  bundles  occupy  a  lateral 
and  dorsal  position  in  the  ventral  part  of  the  pons,  and  may  be  termed  the  cortico-pontine 
fibres,  seeing  that  they  come  from  the  cerebral  cortex  and  end  in  fine  ramifications  around 
the  cells  of  the  nucleus  pontis. 

The  transverse  fibres  are  of  two  kinds,  viz. 
cerebellum ;  and  (2)  those  which 
take  origin  in  the  nucleus  pontis. 
The  former  are  the  axons  of  certain 
of  the  cells  of  the  cortex  of  the  cere- 
bellum (cells  of  Purkinje).  They 
come  chiefly  from  the  lateral  hemi- 
sphere, but  also  to  some  extent  from 
the  median  lobe  of  the  cerebellum, 
and  enter  the  pons  by  the  middle 
peduncle.  They  end  in  fine  rami- 
fications around  the  cells  of  the 
nucleus  pontis,  some  on  the  same 
side  as  the  peduncle  through  which 
they  reach  the  pons,  but  the  majority 
in  the  gray  matter  of  the  opposite 
side. 

The  transverse  fibres  which  arise 
in  the  pons  take  origin  as  axons  of 
the  cells  of  the  nucleus  pontis. 
Crossing  the  mesial  plane,  they  enter 
the  middle  peduncle  of  the  opposite 
side,  and  thus  reach  the  cerebellar 
cortex,  where  they  end  in  ramifica- 
tions round  certain  of  the  cortical 
cells.  The  middle  peduncle  thus 
contains  both  efferent  and  aff'erent 
cerebellar  fibres,  and  no  fibres  pass 
continuously  through  the  pons  from 
one  middle  peduncle  into  the  other. 
In  opposition  to  this  view,  Klimoff 
and  others  hold  that  the  middle 
peduncle  is  composed  solely  of  centri- 
petal or  afferent  fibres,  w^hich  pass 
from  the  nucleus  pontis  to  the  cere- 
bellum. Some  of  these  fibres  are 
crossed  and  others  direct. 

Certain  of  the  transverse  fibres  Fig.  404.  — Diagram  to  show  connexions  of  the  Direct 
of  the  pons  turn  backwards   and        Cerebellar  and  the  Olivo-Cerebellar  Tracts.  The 
enter  the  dorsal  or  tegmental  part         connexions  of  the  fibres  of  the  middle  peduncle  of  the  cere- 
«    ,  1  1    j_    j_i  .       ^  bellum  are  likewise  diagrammatically  shown  (from  Edinger, 

or  the  pons,  but  the  precise  con-  modified) 

nexions  of  these  are  doubtful. 

Corpus  Trapezoides. — This  name  is  applied  to  a  group  of  transverse  fibres 
which  traverse  the  lower  part  of  the  pons  (Fig.  405).  They  are  quite  distinct  from 
those  which  have  been  just  described  as  entering  the  middle  peduncle  of  the 
cerebellum,  and  they  lie  in  the  boundary  between  the  dorsal  and  ventral  parts  of 
the  pons,  but  encroaching  considerably  into  the  ground  of  the  former.  They  arise 
from  the  cells  of  the  terminal  nucleus  of  the  cochlear  division  of  the  auditory  nerve, 
and  constitute  a  tract  which  establishes  certain  central  connexions  for  that  nerve. 
They  will  be  more  fully  described  when  we  treat  of  the  cerebral  connexions  of  the 
auditory  nerve. 

Dorsal  or  Tegmental  Part  of  the  Pons  (pars  dorsalis  pontis). — On  the  dorsal 
surface  of  the  tegmental  part  of  the  pons  there  is  spread  a  thick  layer  of  gray 
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matter,  covered  by  ependyma,  which  forms  the  floor  of  the  upper  or  pontine 
part  of  the  fourth  ventricle.  Beneath  this  the  mesial  raphe  of  the  medulla  is 
continued  up  into  the  pons,  so  as  to  divide  its  tegmental  part  into  two  symmetrical 
halves. 

In  the  lower  part  of  the  pons,  immediately  beyond  the  medulla,  the  restiform 
body  is  placed  on  the  outer  side  of  the  tegmental  part  (Fig.  403).  In  transverse 
sections  through  the  pons  it  appears  as  a  large,  massive  oval  strand  of  fibres  which 
gradually  inclines  backwards  into  the  cerebellum,  and  thus  leaves  the  pons. 
Between  the  restiform  body  and  the  median  raphe  the  tegmental  part  of  the  pons 
is  composed  of  formatio  reticularis,  continuous  with  the  same  material  in  the 
medulla.  Thus  arcuate  or  transverse  fibres,  curving  in  towards  the  raphe,  and  also 
longitudinal  fibres,  are  seen  breaking  through  a  mass  of  gray  matter  which  occupies 
the  interstices  of  the  intersecting  fibres.  To  the  naked  eye  the  formatio  reticularis 
presents  a  uniform  gray  appearance,  but  its  constituent  parts  are  revealed  by  low 
powers  of  the  microscope  in  properly-stained  and  prepared  specimens.  Embedded 
in  this  formatio  reticularis  are  various  clumps  of  compact  gray  matter  and  certain 
definite  strands  of  fibres.  These  we  shall  describe  as  we  pass  from  the  restiform 
body  inwards  towards  the  median  raphe. 

(1)  Spinal  root  of  the  trigeminal  nerve  and  the  substantia  gelatinosa  Rolandi. — 
Close  to  the  inner  side  of  the  restiform  body,  but  separated  from  it  by  the  vesti- 
bular root  of  the  auditory  nerve  as  it  proceeds  backwards  through  the  pons,  is  seen 
a  large  crescentic  group  of  coarse  transversely-divided  bundles  of  fibres.  This  is  the 
spinal  root  of  the  fifth  nerve,  and  applied  to  its  inner  concave  side  is  a  small  mass 
of  gray  matter,  which  is  the  direct  continuation  upwards  of  the  substantia  gelatinosa 
Eolandi. 

(2)  The  nucleus  of  the  facial  or  seventh  nerve  comes  next.  It  is  sunk  deeply 
in  the  tegmental  part  of  the  pons  and  lies  close  to  the  transverse  fibres  of  the 
corpus  trapezoides.  It  is  a  conspicuous,  obliquely  placed,  ovoid  clump  of  gray 
matter.  From  its  outer  and  dorsal  aspect  the  root-fibres  of  the  facial  nerve 
stream  backwards  and  inwards  towards  the  gray  matter  on  the  floor  of  the  fourth 
ventricle.  Passing  forwards  between  this  nucleus  and  the  substantia  Eolandi  a 
solid  nerve-bundle  may  be  observed.  This  is  the  facial  nerve,  traversing  the  pons 
towards  its  place  of  emergence  from  the  brain. 

(3)  Immediately  internal  to  the  facial  nucleus,  but  placed  more  deeply  in  the 
tegmental  part  of  the  pons,  is  the  superior  olivary  nucleus  (nucleus  olivaris  superior). 
It  lies  in  a  bay  formed  for  it  by  the  transverse  fibres  of  the  corpus  trapezoides. 
These  fibres  curve  round  its  ventral  aspect,  and  many  of  them  may  be  observed  pene- 
trating into  its  substance.  In  man  it  is  a  very  small  mass  of  gray  matter,  and 
presents  little  resemblance  to  the  inferior  olivary  nucleus,  except  in  the  size  and 
shape  of  its  constituent  cells.  In  sections  through  the  part  of  the  pons  where  it 
attains  its  greatest  size,  it  appears  in  the  form  of  two,  or  it  may  be  three,  small 
isolated  masses  of  gray  matter.  It  is  intimately  connected  with  the  trapezial 
fibres,  many  of  which  end  in  it,  whilst  others  take  origin  within  it. 

Upon  the  inner  and  dorsal  aspect  of  the  superior  olive  there  is  a  dense  group  of  longitudinal 
fibres.  These  constitute  the  central  tegmental  tract ;  but  as  precise  information  in  regard  to 
its  connexions  is  still  to  a  large  extent  wanting,  it  is  not  necessary  to  do  more  than  indicate  its 
position, 

(4)  The  posterior  longitudinal  bundle  and  the  fillet  come  next.  As  they  proceed 
upwards  through  the  tegmental  part  of  the  pons,  these  longitudinal  tracts  occupy 
the  same  relative  position  as  in  the  medulla.  They  are  placed  close  to  the  median 
raphe ;  but  they  have  drawn  further  apart  from  each  other,  and  their  fibres  are 
more  distinctly  concentrated  into  separate  strands,  with  an  interval  of  some  little 
width  between  them.  The  posterior  longitudinal  bundle  lies  immediately  under 
cover  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  The  fillet  is  placed 
close  to  the  trapezial  fibres,  many  of  which  traverse  it  as  they  pass  towards  the 
mesial  plane. 

(5)  The  nucleus  of  the  sixth  nerve  also  forms  a  conspicuous  object  in  sections 
through  the  lower  part  of  the  pons.  It  is  a  round  mass  of  gray  matter,  which  is 
situated  close  to  the  outer  side  of  the  posterior  longitudinal  bundle,  and  immediately 
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under  cover  of  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  From  its  inner 
side  numerous  root- bundles  of  the  sixth  nerve  pass  out  and  proceed  forwards 
beween  the  fillet  and  the  superior  olivary  nucleus.  They  occupy  in  the  pons, 
therefore,  a  position  similar  to  that  occupied  by  the  hypoglossal  root-fibres  in  the 
medulla. 

Up  to  the  present  only  the  lower  part  of  the  tegmental  portion  of  the  pons 
has  been  described,  i.e.  the  portion  immediately  adjoining  the  medulla.  As  we 
proceed  upwards  and  gain  a  point  above  the  level  of  the  trapezial  fibres,  mauy  of 
the  structures  which  have  attracted  attention  lower  down  gradually  disappear 
from  the  formatio  reticularis.  The  posterior  longitudinal  bundle,  the  fillet,  and 
the  spinal  root  of  the ^ fifth  nerve,  however,  are  still  carried  upwards.    Further,  the 

_  Superior  medullary  velum 

or  valve  of  Vieussens 

Floor  of 
ventricle  IV. 


j  Formatio 

-fe'^-^^ri^p  reticii 

1/^  J<.  --/^l'-.  -        i  .Corpus        I  1 

/' i^'i-    'l  ^  t  rapezoides^ 


-s-sv.    "fiat — *---i~r  ^  / 


Fig.  405. 


-Transverse  Section  through  the  Pons  Varolii  at  the  Level  of  the  Nuclei  of 
THE  Trigeminal  Nerve  (Orang). 


floor  of  the  fourth  ventricle  becomes  narrower,  and  other  objects  appear  in  the 
tegemental  substance. 

The  superior  cerebellar  peduncle  (brachium  conjunctivum)  is  a  very  con- 
spicuous object,  in  sections,  through  the  middle  and  upper  parts  of  the  pons.  In 
transverse  section  it  presents  a  semilunar  outline,  and  as  it  emerges  from  the 
cerebellum  it  lies  immediately  on  the  outer  side  of  the  fourth  ventricle,  towards 
which  its  concave  aspect  is  turned  (Fig.  405).  Its  dorsal  border  is  joined  with  the 
corresponding  peduncle  of  the  opposite  by  the  thin  lamina  of  white  matter, 
termed  the  superior  medullary  velum,  whilst  its  ventral  border  is  sunk  to  a  small 
extent  in  the  dorsal  part  of  the  pons.  As  it  is  traced  upwards  it  sinks  deeper  and 
deeper  into  the  pons  until  it  becomes  completely  submerged,  with  the  exception 
of  the  posterior  border  to  which  the  superior  velum  is  attached.  It  now  lies  on 
the  outer  side  of  the  tegmental  or  reticular  substance  of  the  pons,  and  this  position 
it  maintains  until  the  mesencephalon  is  reached  (Fig.  406). 

About  half-way  up  the  pons  the  nuclei  of  the  trigeminal  or  fifth  cranial  nerve 
mark  a  very  important  stage  in  its  tegmental  portion.    These  nuclei  are  two  in 
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number  on  each  side,  viz.  a  large  oval  terminal  nucleus  for  certain  of  the  sensory 
fibres  of  the  nerve  and  a  nucleus  of  origin  equally  conspicuous  for  certain  of  the 
motor  fibres  (Fig.  405).  The  sensory  nucleus  lies  close  to  the  outer  surface  of  the 
pons,  deeply  sunk  in  its  tegmental  part,  and  in  the  interval  between  the  submerged 
anterior  border  of  the  superior  cerebellar  peduncle  and  the  ventral  part  of  the  pons. 
The  motor  nucleus  is  placed  on  the  inner  side  of  the  sensory  nucleus,  but  somewhat 
nearer  the  dorsal  surface  of  the  pons.  At  this  level  the  spinal  root  of  the  fifth 
nerve  disappears  by  joining  the  fibres  of  the  sensory  portion.  The  sensory  and 
motor  roots  of  the  fifth  nerve  traverse  the  ventral  part  of  the  pons  on  their  way 
to  and  from  the  region  of  the  nuclei. 

Above  the  level  of  the  nuclei  of  the  trigeminal  nerve  a  new  tract  of  fibres 
comes  into  view.  This  is  the  mesencephalic  root  of  the  fifth  nerve,  as  it  descends 
to  join  the  emerging  fibres  of  the  motor  part  of  the  fifth  nerve.  It  is  a  small 
bundle  of  nerve  fibres,  semilunar  in  cross  section,  which  lies  close  to  the  inner  side 


Fig.  406. — Section  through  the  Upper  Part  of  the  Pons  Varolii  of  the  Orang,  above  the 

Level  of  the  Trigeminal  Nuclei. 


of  the  superior  cerebellar  peduncle  and  on  the  outer  and  deep  aspect  of  the  gray 
matter  on  the  floor  of  the  fourth  ventricle  (Figs.  406  and  407). 

On  a  slightly  deeper  plane  than  the  mesencephalic  root  of  the  fifth  nerve, 
between  it  and  the  posterior  longitudinal  bundle,  and  in  close  relation  to  the  gray 
matter  of  the  floor  of  the  ventricle,  is  the  collection  of  pigmented  cells  which  con- 
stitutes the  substantia  ferruginea. 

The  posterior  longitudinal  bundle,  as  it  is  traced  upwards  through  the  tegmental 
part  of  the  pons,  maintains  the  same  position  throughout,  and  as  it  ascends  it 
becomes  more  clearly  mapped  out  as  a  definite  and  distinct  tract.  It  lies  close 
to  the  mesial  raphe,  and  immediately  subjacent  to  the  gray  matter  of  the  floor  of 
the  fourth  ventricle. 

The  fillet  as  it  ascends  through  the  tegmental  part  of  the  pons  undergoes 
striking  changes  in  shape.  In  the  lower  portion  of  the  pons  its  fibres,  which  in 
the  medulla  are  spread  out  along  the  side  of  the  median  raphe,  are  collected 
together  in  the  form  of  a  loose  bundle,  which  occupies  a  wide  field,  somewhat 
triangular  in  shape,  on  either  side  of  the  median  raphe  and  immediately  behind 
the  ventral  portion  of  the^  pons.  As  it  proceeds  up,  the  fibres  spread  out  laterally 
until  a  compact  ribbon-like  layer  is  formed  in  the  interval  between  the  tegmental 
and  ventral  portions  of  the  pons.  This  constitutes  what  is  termed  the  mesial 
fillet  (Figs.  406  and  407). 

Above  the  level  of  the  trigeminal  nuclei  another  flattened  layer  of  fibres  comes 
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into  view  to  the  outer  side  of  the  mesial  fillet.  To  this  the  name  of  lateral  fillet  is 
given.  These  fibres  spread  outwards  and  backwards,  and  finally  take  up  a  position 
on  the  outer  surface  of  the  superior  cerebellar  peduncle.  In  the  angle  between 
the  mesial  and  lateral  fillets  a  little  knot  of  compact  gray  matter,  termed  the  lateral 


A  B 

Fig.  407. — Two  Sections  through  the  Tegmentum  of  the  Pons  at  its  Upper  Part,  close  to 

THE  Mesencephalon. 

A  is  at  a  slightly  lower  level  than  B. 


fillet  nucleus,  comes  into  view  (Fig.  406).  This  appears  to  be  in  more  or  less 
direct  continuity  with  the  superior  olivary  nucleus.  Many  of  the  fibres  of  the 
lateral  fillet  take  origin  in  this  nucleus.  Bruce  has  called  attention  to  the  continuity 
between  the  superior  olive  and  the  lateral  fillet  nucleus  in  man,  and  the  writer 
can  confirm  his  statement  in  so  far  as  the  orang  brain  is  concerned. 

THE  CEREBELLUM. 

The  cerebellum  lies  behind  the  pons  Varolii  and  the  medulla  oblongata,  and 
below  the  hinder  portions  of  the  cerebral  hemispheres.    From  the  latter  it  is 


Tuber  valvuke  Posterior  notch 

Fig.  408. — Upper  Surface  of  the  Cerebellum. 


separated  by  an  intervening  partition  of  dura  mater,  termed  the  tentorium  cerebelli. 
It  is  distinguished  by  the  numerous  parallel  and  more  or  less  curved  sulci,  which 
traverse  its  surface  and  give  it  a  foliated  or  laminated  appearance.  It  is  composed 
of  a  cortex  of  gray  matter  (substantia  corticalis)  spread  over  its  surface,  with  white 
matter  in  the  interior,  forming  a  central  core  (corpus  medullare). 
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The  cerebellum  is  subdivided  somewhat  arbitrarily  into  a  median  portion 
termed  the  vermis,  and  two  much  larger  lateral  portions,  called  the  lateral  hemi- 
spheres (hemisphseria  cerebelli).  The  demarcation  between  these  main  subdivisions 
of  the  organ  is  not  very  evident  from  every  point  of.  view.  In  front,  and  also 
behind,  there  is  a  marked  deficiency  or  notch.  The  posterior  notch  (incisura  cere- 
belli posterior)  is  smaller  and  narrower  than  the  anterior  notch.  It  is  bounded 
laterally  by  the  lateral  hemispheres,  whilst  its  bottom  is  formed  by  the  median  lobe 
or  vermis.  It  is  occupied  by  a  fold  of  dura  mater,  called  the  falx  cerebelli.  The 
anterior  notch  (incisura  cerebelli  anterior)  is  wide,  and,  when  viewed  from  above,  it 
is  seen  to  be  occupied  by  the  inferior  quadrigeminal  bodies  and  by  the  superior 
peduncles  of  the  cerebellum.  As  in  the  case  of  the  hinder  notch,  its  sides  are 
formed  by  the  lateral  hemispheres  and  the  bottom  by  the  vermis. 

On  the  superior  surface  of  the  cerebellum  there  is  little  distinction  to  be  noted 
between  the  median  lobe  and  the  upper  surface  of  each  lateral  hemisphere.  On 
this  aspect  the  median  lobe  receives  the  name  of  superior  vermis,  and  it  forms  a 
high  median  elevation,  from  which  the  surface  slopes  gradually  downwards  on  each 
side  to  the  margin  of  the  hemisphere.  The  superior  vermis  is  highest  in  front, 
immediately  behind  the  anterior  notch,  and  from  this  it  shows  a  somewhat  sharp 
descent  towards  the  posterior  notch.  This  elevation  of  the  superior  worm  is 
frequently  called  the  monticulus  cerebelli.  The  folia  on  the  surface  of  the  superior 
vermis  are  thicker  and  fewer  in  number  than  those  on  the  upper  surface  of  the 
lateral  hemisphere.  It  is  this  which  gives  it  the  worm-like  appearance  from  which 
it  derives  its  name. 

On  the  inferior  surface  of  the  cerebellum  the  distinction  between  the  three  main 
constituent  parts  of  the  organ  is  much  better  marked  (Fig.  409).  On  this  aspect 
the  lateral  hemispheres  are  full,  prominent,  and  convex,  and  occupy  the  cerebellar 
fossae  in  the  floor  of  the  cranium.  They  are  separated  by  a  deep  mesial  hollow, 
which  is  continued  forwards  from  the  posterior  notch.  This  hollow  is  termed  the 
vallecula  cerebelli,  and  in  its  fore-part  is  lodged  the  medulla  oblongata.  When  the 
medulla  is  raised  and  the  lateral  hemispheres  are  pulled  apart,  so  as  to  expose  the 
bottom  of  the  vallecula,  it  will  be  seen  that  this  is  formed  by  the  vermis  inferior, 
or  inferior  aspect  of  the  median  lobe,  and,  further,  that  the  latter  is  separated  on 
each  side  from  the  corresponding  lateral  hemisphere  by  a  distinct  furrow,  termed 
the  sulcus  valleculas. 

Sulci  Cerebelli. — Certain  of  the  fissures  which  traverse  the  surface  of  the 
cerebellum  are  deeper  and  longer  than  the  others,  and  they  map  out  districts  which 
are  termed  lobes.  One  of  the  most  conspicuous  of  these  clefts  is  the  great  horizontal 
fissure. 

The  great  horizontal  fissure  (sulcus  horizontalis  cerebelli)  of  the  cerebellum 
begins  in  front  and  passes  continuously  round  the  circumference  of  the  organ, 
cutting  deeply  into  its  outer  and  posterior  margins.  In  front,  its  lips  diverge  to 
enclose  the  three  cerebellar  peduncles  as  they  pass  into  the  interior  of  the 
cerebellum.  The  great  horizontal  fissure  divides  the  organ  into  an  upper  and  a 
lower  part,  which  may  be  studied  separately. 

The  prominence  which  is  accorded  to  the  great  horizontal  fissure  in  descriptive  anatomy  is 
not  justified  by  its  developmental  history  and  morphological  status.  It  is  very  late  in  making 
its  appearance  in  the  foetal  cerebellum,  and  not  infrequently  the  part  of  the  fissure  on  the  one 
side  fails  to  establish  a  continuity  across  the  vermis  with  the  part  of  the  fissure  on  the  other 
side  of  the  organ. 

Lobes  on  the  Upper  Surface  of  the  Cerebellum. — When  examined  from 
before  backwards,  the  superior  vermis  presents  the  following  subdivisions:  (1)  the 
lingula;  (2)  the  central  lobule  (lobulus  centralis);  (3)  the  culmen  monticuli;  (4)  the 
clivus  monticuli ;  (5)  the  folium  cacuminis  (folium  vermis).  With  the  exception  of 
the  lingula,  each  of  these  is  continuous  on  either  side,  with  a  corresponding  district 
on  the  upper  surface  of  the  hemisphere,  thereby  forming  a  cerebellar  lobe.  Thus 
the  central  lobule  is  prolonged  outwards  on  either  side  in  the  form  of  a  small, 
flattened,  wing-like  expansion  called  the  ala ;  the  culmen  constitutes  the  median 
connecting  piece  between  the  two  anterior  crescentic  lobules  of  the  hemispheres ; 
the  clivus  stands  in  the  same  relation  to  the  two  posterior  crescentic  lobules :  and 
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the  folium  cacuminis  is  the  connecting  band  between  the  postero- superior  lobules  of 
the  hemispheres. 

It  slionld  be  noted  tliat  tliis  subdivision  of  the  upper  surface  of  the  cerebellum  is  to  some 
extent  conventional,  and  in  certain  particulars  receives  little  support  from  morphological  data. 

The  lingula  can  only  be  seen  when  the  part  of  the  cerebellum  which  forms  the 
bottom  of  the  anterior  notch  is  pushed  backwards.  It  consists  of  four  or  five  small 
flat  folia  continuous  with  the  gray  matter  of  the  vermis  superior,  which  are  pro- 
longed forwards  on  the  upper  surface  of  the  superior  medullary  velum  in  the  interval 
between  the  two  superior  cerebellar  peduncles. 

Lobus  Centralis  with  its  Alee. — The  lobulus  centralis  lies  at  the  bottom  of 
the  anterior  cerebellar  notch,  and  is  only  seen  to  a  very  small  extent  on  the  upper 
surface  of  the  orgau.  It  is  a  little  median  mass  which  laterally  is  prolonged  out- 
wards for  a  short  distance  round  the  anterior  notch  in  the  form  of  two  expansions, 
termed  the  alte. 

Lobus  Culminis. — The  culmen  monticuli  constitutes  the  highest  part  or  summit 
of  the  monticulus  of  the  vermis  superior.  It  is  bounded  behind  by  a  deep  and 
strongly  marked  fissure  called  the  fissura  prima  (Elliot  Smith),  and  is  prolonged 
outwards  on  either  side  into  the  lateral  hemisphere  as  the  anterior  crescentic  lobule. 
This  is  the  most  anterior  subdivision  on  the  upper  surface  of  the  hemisphere.  The 
two  anterior  crescentic  lobules,  with  the  culmen  monticuli,  form  the  lobus  culminis 
cerebelli. 

Lobus  Clivi. — The  clivus  monticuli  lies  behind  the  culmen,  from  which  it  is 
separated  by  the  fissura  prima,  and  it  forms  the  sloping  part  or  descent  of  the 
monticulus  of  the  vermis  superior.  On  each  side  it  is  continuous  with  the  posterior 
crescentic  lobule  of  the  lateral  hemisphere,  and  the  three  parts  are  included  under 
the  one  name  of  lobus  clivi. 

The  two  crescentic  lobules  on  the  upper  surface  of  the  hemisphere  are  sometimes  classed 
together  and  described  as  the  lobulus  quadrangularis.  They  are  separated  from  each  other  by  a 
lateral  extension  on  the  upper  surface  of  the  hemisphere  of  the  fissura  prima,  whilst  the 
jiosterior  crescentic  lobule  is  bounded  behind  by  a  curved  sulcus  termed  by  Elliot  Smith  the 
fissura  postlunata.  The  union  of  the  two  posth^nate  furrows  across  the  vermis  separates  the 
clivus  from  the  folium  cacuminis,  but  in  many  cases  this  junction  fails  to  take  place. 

Lobus  Cacuminis. — The  folium  cacuminis  forms  the  most  posterior  part  of  the 
vermis  superior,  and  wdien  the  right  and  left  portions  of  the  great  horizontal  fissure 
are  continuous  across  the  vermis  it  bounds  that  fissure  superiorly  at  the  posterior 
notch.  It  is  a  single  folium,  subject  to  considerable  variation  in  the  degree  of  its 
development,  and  its  surface  may  be  smooth  or  beset  with  rudimentary  secondary 
folia.  It  is  the  median  connecting  link  between  the  two  postero-superior  lobules 
of  the  hemispheres,  the  three  parts  forming  the  lobus  cacuminis.  As  the  folium 
cacuminis  is  traced  outwards  into  the  postero-superior  lobule,  it  is  found  to 
expand  greatly,  and  as  a  result  of  this  the  postero-superior  lobule  on  each  side 
forms  an  extensive  foliated  district  bounding  the  great  horizontal  fissure  above. 

Lobes  on  the  Under  Surface  of  the  Cerebellum. — The  connexion  between 
the  several  parts  of  the  inferior  vermis  and  the  corresponding  districts  on  the 
under  surface  of  the  two  hemispheres  is  not  so  distinct  as  in  the  case  of  the  vermis 
superior  and  the  lobules  on  the  upper  surface  of  the  hemispheres.  A  groove,  the 
sulcus  valleculse,  intervenes  between  the  vermis  inferior  and  the  hemisphere  on 
each  side. 

From  behind  forwards  the  following  subdivisions  of  the  vermis  inferior  may  be 
recognised :  (1)  the  tuber  valvulae  (tuber  vermis) ;  (2)  the  pyramid  (pyramis) ;  (3) 
the  uvula;  (4)  the  nodule  (nodulus). 

On  the  under  surface  of  the  hemisphere  there  are  four  main  lobules  mapped  out 
by  intervening  fissures.  From  behind  forwards  these  are  :  (1)  the  postero -inferior 
lobule,  a  large  subdivision  which  bounds  the  great  horizontal  fissure  on  its  under 
aspect ;  (2)  the  biventral  lobule  (lobulus  biventer)  which  lies  in  front  of  the  postero- 
inferior  lobule,  and  is  partially  divided  into  two  parts  by  a  curved  fissure  which 
traverses  its  surface ;  (3)  the  tonsil  or  amygdala  (tonsilla),  a  small  rounded  lobule 
which  bounds  the  fore-part  of  the  vallecula,  and  is  lodged  in  a  deep  concavity  on 
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the  inner  aspect  of  the  biventral  lobule ;  (4)  the  flocculus,  a  minute  lobule  situated 
on  the  middle  peduncle  of  the  cerebellum  in  front  of,  and  partially  overlapped  by, 
the  anterior  border  of  the  biventral  lobule. 

These  lobules,  with  the  corresponding  portions  of  the  vermis  inferior,  constitute 
the  lobes  on  the  under  surface  of  the  cerebellum.  Still,  it  should  be  noted  that, 
just  as  in  the  case  of  the  upper  surface  of  the  organ,  this  subdivision  is  to  some 
extent  artificial,  and  is  not  in  every  particular  provided  with  a  sound  morphological 
basis. 

Lobus  Tuberis. — The  tuber  valvulse,  which  forms  the  most  posterior  part  of 
the  vermis  inferior,  is  composed  of  several  transversely  arranged  folia  which,  on 
either  side,  run  directly  into  the  postero-inferior  lobule.  The  three  parts  of  the 
lobus  tuberis  are  thus  linked  together. 

The  postero-inferior  lobule,  which  is  wider  towards  the  vallecula  than  it  is 
further  out,  is  traversed  by  two  or  it  may  be  three  curved  fissures.  The  most 
anterior  of  these  cuts  off  a  narrow,  curved  strip  of  cerebellar  surface,  which  presents 
a  more  or  less  uniform  width  throughout  its  whole  length.  This  is  the  so-called 
lobulus  gracilis. 

Lobus  Pyramidis. — The  pyramid  is  connected  with  the  biventral  lobule  on 
each  side  by  an  elevated  ridge  which  crosses  the  sulcus  valleculse.  The  term  lobus 
pyramidis  is  applied  to  the  three  lobules,  which  are  thus  associated  with  each 
other. 

Tlie  pyramid  is  separated  from  the  tuber  valvulae  by  a  deej)  furrow  which  has  l3een  termed 
by  Elliot  Smith  the  suprapyramidal  fissure.  It  is  in  a  measure  continuous  with  the  curved 
fissure,  which  on  the  under  surface  of  the  hemisphere  intervenes  between  the  biventral  lobule 
and  the  lobulus  gracilis  or  fore  part  of  the  postero-inferior  lobule.  The  name  applied  to  the 
latter  fissure  by  Elliot  Smith  is  fissura  parapyramidalis. 

Lobus  Uvulae. ^ — The  uvula  is  a  triangular  elevation  of  the  vermis  inferior.  It 
lies  between  the  two  tonsils,  and  is  connected  with  each  of  these  by  a  low-lying 
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Fig.  409. — Lower  Surface  op  the  Cerebellum. 
The  tonsil  on  the  right  side  has  been  removed  so  as  to  display  more  fnlly  the  inferior  medullary  velum  and 

the  furrowed  band. 


band-like  ridge  of  gray  matter  scored  by  a  few  shallow  furrows,  and  in  consequence 
termed  the  furrowed  band.    The  two  tonsils  and  the  uvula  form  the  lobus  uvulse. 

Between  the  pyramid  and  the  uvula  there  is  a  deep  cleft  which  may  be  termed  the  infra- 
pyramidal  fissure  (the  fissura  secunda  of  Elliot  Smith).  This  is  more  or  less  directly  connected 
with  the  retrotonsillar  fissure  which  curves  round  the  tonsil  The  large  size  of  the  tonsil  is 
characteristic  of  the  brain  of  man  and  the  anthropoid  apes. 

Lobus  Noduli. — The  lobus  noduli  comprises  the  nodule  and  the  flocculus  of 
each  side,  with  a  delicate  connecting  lamina  of  white  matter  termed  the  inferior 
medullary  velum. 
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The  cleft  between  tlie  nodule  and  the  uvula  is  termed  the  postnodular  fissure  (Elliot  Smith)  ; 
that  between  the  flocculus  and  the  biventral  lobule  is  called  the  floccular  fissure. 

The  flocculus  will  usually  be  observed  to  be  partially  divided  into  two  pieces.  The  smaller 
hinder  jDortion,  which,  as  a  rule,  is  completely  overlapped  by  the  overhanging  edge  of  the 
biventral  lobule,  is  the  paraflocculus.  This  assumes  very  large  proportions  in  certain  of  the 
lower  mammals. 

Arrangement  of  the  Gray  and  White  Matter  of  the  Cerebellum. — The  white 
matter  of  the  cerebellum  forms  a  solid  compact  mass  in  the  interior,  and  over  this 
is  spread  a  con- 
tinuous and  uni- 
form  layer  of  gray 
matter.  In  each 
lateral  hemi- 
sphere the  white 
central  core  is 
more  bulky  than 
in  the  median 
lobe  or  worm,  in 
which  the  central 
white  matter  is 
reduced  to  a  re- 
latively thin 
bridge  thrown 
across  between 
the  two  lateral 
hemispheres.  The 
white  matter  in 
the  interior  of  the 

median  lobe  or  worm  is  termed  the  corpus  trapezoides.  When  sagittal  sections 
are  made  through  the  cerebellum,  the  gray  matter  on  the  surface  stands  out  clearly 
from  the  white  matter  in  the  interior.    Further,  from  all  parts  of  the  surface  of 
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Fig.  411.— From  a  dissection  by  Dr.  Edward  B.  Jamieson  in  the  Anatomical  Department  of  the  University  of 
Edinburgh.  The  corpus  dentatum  is  displayed  from  above  and  the  superior  cerebellar  peduncle 
has  been  traced  from  it  to  the  mesencephalon. 


the  central  core  stout  stems  of  white  matter  are  seen  projecting  into  the  lobes  of 
the  cerebellum.    From  the  sides  of  these  white  stems  secondary  branches  proceed 
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at  various  angles,  and  from  these  again  tertiary  branches  are  given  off.  Over  the 
various  lamellse  of  white  matter  thus  formed  the  gray  cortex  is  spread,  and  the 
fissures  on  the  surface  show  a  corresponding  arrangement,  dividing  up  the  organ 
into  lobes,  lobules,  and  folia.  When  the  cerebellum  is  divided  at  right  angles  to 
the  general  direction  of  its  fissures  and  folia,  a  highly  arborescent  appearance  is 
thus  presented  by  the  cut  surface.    To  this  the  term  arbor  vitse  cerebelli  is  applied. 

Corpus  Dentatum  and  other  Gray  Nuclei  in  the  White  Matter  of  the 
Cerebellum. — Embedded  in  the  midst  of  the  mass  of  white  matter  which  forms  the 
central  core  of  each  lateral  hemisphere  there  is  an  isolated  nucleus  of  gray  matter, 
which  presents  a  strong  resemblance  to  the  inferior  olivary  nucleus  of  the  medulla. 
It  is  called  the  corpus  dentatum  (nucleus  dentatus),  and  it  consists  of  a  corrugated 
or  plicated  lamina  of  gray  matter,  which  is  folded  on  itself  so  as  to  enclose,  in  a 
flask-like  manner,  a  portion  of  the  central  white  matter  (Figs.  410  and  411). 
This  gray  capsule  is  not  completely  closed.  It  presents  an  open  mouth,  termed 
the  hilum,  which  is  directed  inwards  and  upwards,  and  out  of  this  stream  the 
great  majority  of  the  fibres  of  the  superior  cerebellar  peduncle. 

Three  small  additional  masses  of  gray  matter  are  also  present  on  either  side  of  the  mesial 
plane  in  the  central  white  matter  of  the  cerebellum.  These  are  termed  the  nucleus  emboli - 
formis,  the  nucleus  globosus,  and  the  nucleus  fastigii.  The  nucleus  emboliformis  or  embolus  is  a 
small  lamina  of  gray  matter  which  lies  immediately  internal  to  the  liilum  of  the  corpus  dentatum, 
being  thus  related  to  it  somewhat  in  the  same  manner  that  tlie  mesial  accessory  olivary  nucleus 
is  related  to  the  main  inferior  olivary  nucleus.  The  nucleus  globosus  lies  internal  to  the  embolus 
and  on  a  somewhat  deeper  horizontal  plane.  The  nucleus  fastigii  or  roof  nucleus  is  placed  in 
the  white  substance  of  the  worm  (corpus  trapezoides)  close  to  the  mesial  plane  and  its  fellow  of 
the  opposite  side.    It  is,  therefore,  situated  on  the  mesial  aspect  of  the  nucleus  globosus. 

Although  isolated  from  the  gray  matter  of  the  surface,  these  small  nuclei  and  the  corpus 
dentatum  are  connected  at  certain  points  with  each  other.  The  corpus  dentatum  and  the 
embolus  present  a  structure  very  similar  to  that  of  the  inferior  olivary  nucleus.  In  the  nucleus 
globosus  and  the  nucleus  fastigii  the  cells  are  somewhat  larger  in  size. 

Cerebellar  Peduncles. — These  are  three  in  number  on  each  side,  viz.  the  middle, 
the  inferior,  and  the  superior  (Eig.  391,  p.  487).  The  fibres  of  which  they  are 
composed  all  enter  or  emerge  from  the  white  medullary  centre  of  the  cerebellum. 

The  middle  peduncle  is  much  the  largest  of  the  three,  and  has  already  been 
described  on  pp.  486  and  501.  It  is  formed  by  the  transverse  fibres  of  the  pons, 
and  it  enters  the  cerebellar  hemisphere  on  the  outer  aspect  of  the  other  two 
peduncles.  The  lips  of  the  anterior  part  of  the  great  horizontal  fissure  are 
separated  widely  from  each  other  to  give  it  admission  (Fig.  409).  Within  the 
cerebellar  hemisphere  its  fibres  are  distributed  in  two  great  bundles.  Of  these, 
one,  composed  of  the  upper  transverse  fibres  of  the  pons,  radiates  out  in  the  lower 
part  of  the  hemisphere ;  whilst  the  other,  consisting  of  the  lower  transverse  fibres 
of  the  pons,  spreads  out  in  the  upper  part  of  the  hemisphere. 

The  inferior  peduncle  is  simply  the  restiform  body  of  the  medulla.  After 
leaving  the  medulla  it  ascends  for  a  short  distance  on  the  dorsal  surface  of  the 
pons  and  then  turns  sharply  backwards,  to  enter  the  cerebellum  between  the  other 
two  peduncles. 

The  superior  peduncle,  as  it  issues  from  the  cerebellum,  lies  close  to  the  inner 
side  of  the  middle  peduncle  (Eig.  409).  Its  further  course  upwards  on  the  dorsum 
of  the  pons  to  the  inferior  quadrigeminal  body  has  been  previously  described  (pp. 
486  and  503). 

Connexions  established  by  the  Peduncular  Fibres. — The  fibres  of  the  middle 
peduncle  are  both  afterent  and  efterent.  The  connexions  which  they  establish  in  the 
pons  are  described  on  p.  501.  The  efferent  fibres  arise  from  cells  in  the  gray  cortex  of  the 
lateral  hemisphere  (also  probably  to  some  small  extent  in  the  cortex  of  the  vermis),  and 
end  in  connexion  with  the  cells  of  the  nucleus  pontis,  and  likewise  in  the  tegmental  part 
of  the  pons.  The  afferent  fibres,  arising  in  the  pons,  end  in  the  gray  cortex  of  the  lateral 
hemisphere  of  the  cerebellum,  and  perhaps  also  in  the  cortex  of  the  worm. 

The  inferior  peduncle  is  also  composed  of  afferent  and  efferent  fibres  (see  p.  496) ;  only 
the  more  important  connexions  which  these  establish  in  the  cerebellum  can  be  touched  on 
here.  The  principal  afferent  strand  is  the  direct  cerebellar  tract.  The  fibres  of  this 
strand  end  in  the  cortex  of  the  superior  worm  on  both  sides  of  the  mesial  plane,  but 
chiefly  on  the  opposite  side.    The  cerehello-olivary  fibres  are  also  probably  afferent.  It 
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appears  that  they  end  in  connexion  with  cells  in  the  cortex  of  both  the  worm  and  hemi- 
sphere, and  also  cells  in  the  nucleus  dentatus.  The  numerous  arcuate  fibres  which  enter 
the  inferior  peduncle  establish  connexions  with  cells  in  the  cortex  of  the  lateral  hemisphere 
and  of  the  worm. 

The  superior  peduncle  is  an  efferent  tract.  The  majority  of  its  fibres  come  from 
the  cells  of  the  nucleus  dentatus,  w^hilst  a  small  proportion  appear  to  come  from  the  cere- 
bellar cortex.  According  to  Risien  Russell,  the  fibres  which  form  the  dorsal  edge  of  the 
band  come  from  the  opposite  side  of  the  cerebellum  and  cross  the  mesial  plane  to  join  the 
peduncle. 

Our  knowledge  of  the  connexions  of  the  peduncles  of  the  cerebellum  has  been  greatly 
extended  by  Ferrier  and  Aldren  Turner ;  and  the  account  which  is  given  above,  and  also  at 
p.  501,  is  largely  derived  from  their  memoir  on  this  subject. 

Commissural  and  Association  Fibres. — In  addition  to  those  fibres  of  the  white 
medullary  centre  which  belong  to  the  system  of  peduncles,  there  are  others  which  have 
exclusively  cerebellar  connexions.  Thus  the  various  folia  are  bound  together  by  numerous 
association  fibres,  which  pass  from  one  folium  into  another  around  the  bottom  of  the  inter- 
vening fissure.  Tracts  of  transversely-directed  commissural  fibres  cross  the  mesial  plane 
in  the  white  centre  of  the  vermis,  connecting  corresponding  parts  of  opposite  sides.  These, 
in  some  measure,  are  analogous  to  the  corpus  callosum  of  the  cerebrum.  The  roof  nuclei 
are  also  closely  bound  by  connecting  fibres  with  the  cortex. 

Medullary  Vela. — The  medullary  vela  are  closely  associated  with  the  cerebellar 
peduncles.  They  consist  of  two  thin  laminse  of  white  matter,  which  are  pjrojected 
out  from  the  white  central  core  of  the  cerebellum. 

The  superior  medullary  velum  is  described  on  p.  486.  Laterally,  it  is  continuous 
with  the  dorsal  edges  of  the  superior  cerebellar  peduncles ;  whilst,  inferiorly,  it 
is  prolonged  downwards  and  backwards  under  the  lingula  and  the  central  lobule  of 
the  superior  worm,  to  become  continuous  with  the  central  white  matter  or  corpus 
trapezoides  of  the  worm. 

The  inferior  medullary  velum  is  more  complicated  in  its  connexions.  It  presents 
much  the  same  relations  to  the  nodule  of  the  inferior  vermiform  process  that  the 
superior  velum  presents  to  the  lingula  of  the  superior  vermiform  process.  It  is  a 
wide  thin  lamina  of  white  matter — so  thin  that  it  is  translucent — which  is  pro- 
longed out  from  the  white  centre  of  the  cerebellum  above  the  nodule.  Erom  the 
nodule  it  stretches  outwards  to  the  flocculus  on  each  side,  thereby  bringing  these 
three  small  portions  of  the  cerebellum  into  association  with  each  other  (Fig.  409). 
Where  it  issues  from  the  white  matter  of  the  cerebellum  it  is  in  contact  with  the 
superior  medullary  velum,  but,  as  the  two  laminae  are  traced  forwards,  they 
diverge  from  each  other.  The  superior  velum  is  carried  upwards  between  the 
two  superior  cerebellar  peduncles,  whilst  the  inferior  medullary  velum  is  curved 
forwards  and  then  downwards  round  the  nodule,  and  ends  at  a  variable  point  in 
a  free,  slightly  thickened,  crescentic  edge.  The  cavity  of  the  fourth  ventricle 
is  carried  backwards  into  the  cerebellum  between  the  two  vela,  which  thus  form 
a  peaked  and  tent-like  root  for  it. 

Relation  of  the  Tract  of  Gowers  to  the  Superior  Medullary  Velum. — The 

ascending  tract  of  Gowers  has  been  noticed  in  connexion  with  the  lateral  column  of  the 
cord  (p.  469).  The  fibres  which  compose  it  are  carried  upwards  through  the  formatio 
reticularis  grisea  of  the  medulla  and  the  corresponding  part  of  the  tegmental  portion  of 
the  pons.  In  this  part  of  its  course  the  fibres  are  scattered  and  do  not  form  a  compact 
strand.  Reaching  the  upper  end  of  the  pons  the  tract  turns  backwards,  enters  the 
superior  medullary  velum,  and  proceeds  downwards  in  it  into  the  cerebellum. 

Roof  of  the  Fourth  Ventricle. — In  its  upper  part  the  roof  of  the  fourth 
ventricle  is  formed  by  the  superior  medullary  velum  as  it  stretches  across  between 
the  two  superior  cerebellar  peduncles,  and  also,  to  some  extent,  by  the  approximation 
of  these  peduncles  themselves  as  they  approach  the  mesencephalon. 

In  its  lower  part  the  roof  of  the  ventricle  is  exceedingly  thin  and  is  not  all 
formed  of  nervous  matter.  The  inferior  medullary  velum  enters  into  its  formation, 
and,  where  this  fails,  the  epithelial  lining  of  the  cavity,  supported  by  pia  mater,  is 
carried  downwards  towards  the  lower  boundaries  of  the  floor  of  the  ventricle.  At 
the  lowest  part  of  the  calamus  scriptorius,  and  also  along  each  lateral  boundary  of 
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the  floor,  a  thin  lamina  of  white  matter  is  carried  for  a  short  distance  over  the 
epithelial  roof.  The  small  semilunar  lamina  which  stretches  across  between  the 
lower  parts  of  the  two  clavaB  at  the  calamus  scriptorius  and  overhangs  the  opening 


Fig.  412. — Mesial  Section  through  the  Corpus  Callosum,  the  Mesencephalon,  the  Pons,  Medulla, 

AND  Cerebellum. 

Showing  tlie  third  and  fourth  ventricles  joined  liy  the  aqueduct  of  Sylvius. 


of  the  central  canal  is  termed  the  obex  (Fig.  391,  p.  487).  The  lamina  in  connexion 
with  the  lateral  boundary  of  the  ventricular  floor  is  more  extensive,  and  is  called 
the  ligula  (Figs.  388  and  390).  It  begins  on  the  clava  and  passes  upwards  over  the 
cuneate  tubercle  to  the  restiform  body.  On  the  outer  surface  of  the  restiform  body 
it  turns  outwards  so  as  to  bound  the  lateral  recess  of  the  ventricle  below,  and  in  some 
cases  it  may  be  seen  to  become  continuous  around  the  extremity  of  the  lateral 
recess  with  the  inferior  medullary  velum. 

A  short  distance  above  the  calamus  scriptorius  there  is,  in  the  mesial  plane,  an 
opening  in  the  epithelial  and  pial  roof  of  the  ventricle,  by  which  the  cavity  of  the 
ventricle  communicates  with  the  subarachnoid  space.  This  opening  is  termed  the 
foramen  of  Majendie.  There  is  also  an  aperture  of  a  similar  nature  in  the  epithelial 
and  pial  roof  at  the  extremity  of  each  lateral  recess. 

Two  choroid  plexuses,  or  highly  vascular  infoldings  of  the  pia  mater,  invaginate 
the  lower  part  of  the  roof  of  the  fourth  ventricle.  These  are  placed  one  on  either 
side  of  the  mesial  plane,  and,  although  they  appear  to  lie  within  the  cavity,  they 
are  in  reality  excluded  from  it  by  the  epithelial  lining  of  the  ventricle,  which  covers 
over  and  is  adapted  to  every  sinuosity  on  their  surface. 

Two  lateral  offshoots  from  these  longitudinal  choroid  plexuses  proceed  outwards, 
and  protrude  in  a  similar  manner  into  the  lateral  recesses. 

Minute  Structure  of  a  Cerebellar  Folium. 

A  cerebellar  folium  is  composed  of  a  central  core  of  white  matter,  covered  by  a  layer 
of  gray  matter.  The  gray  cortex  is  arranged  in  two  very  evident  layers,  viz.  a  superficial 
molecular  layer  and  a  subjacent  rust-coloured  granular  layer.  Between  these  strata  a 
single  layer  of  large  cells,  termed  the  cells  of  Purkinje,  are  disposed  in  the  form  of  a 
very  nearly  continuous  sheet.  The  cells  of  Purkinje  constitute  the  most  characteristic, 
and  probably  the  most  essential,  constituents  of  the  cerebellar  cortex. 

The  cells  of  Purkinje  are  most  numerous  on  the  summit  of  the  folium.  At  the 
bottom  of  the  sulci  which  intervene  between  the  folia  they  become  fewer  in  number,  and, 
therefore,  looser  in  their  arrangement.    Each  consists  of  a  large  flask-shaped  or  pyriform 


MINUTE  STRUCTUEE  OF  A  CEEEBELLAR  FOLIUM.  513 


cell  body,  the  narrow  end  of  which  projects  into  the  molecular  layer,  whilst  the  thicker, 
deeper  end  rests  on  the  granular  layer.  From  the  latter  arises  a  single  axon,  which  passes 
into  the  granular  layer  and  presents  the  peculiarity  of  almost  immediately  assuming  its 
medullary  sheath.  From  this  axon  a  few  collateral  branches  soon  arise,  which,  taking  a 
recurrent  course,  enter  the  molecular  layer,  to  end  in  connexion  with  certain  of  the 
adjoining  cells  of  Purkinje.  They  would  seem  to  have  the  function  of  binding  together 
adjacent  cells,  and  thus 
enabling  them  to  carry  on 
their  operations  in  harmony 
with  each  other. 

The  dendritic  processes 
spring  from  the  narrow  end 
of  the  cell  either  in  the  form 
of  one  or  perhaps  two  stout 
stalks.  These  ascend  into 
the  molecular  layer,  branch- 
ing and  rebra,nching  until 
an  aborescent  arrangement 
of  extraordinary  richness  and 
extent  results.  The  den- 
dritic branches  extend 
throughout  the  entire 
thickness  of  the  molecular 
layer,  and  the  branching 
takes  place  in  one  plane  only, 
viz,  in  a  plane  which  is  trans- 
verse to  the  long  axis  of  the 
folium.  Consequently,  it  is 
only  when  transverse  sections 
are  made  through  a  folium 
that  the  full  dendritic  effect 
is  obtained  ;  in  sections 
made  parallel  to  the  long 
axis  of  the  folium  the  cells 
are  seen  in  profile,  and  are 
observed  to  occupy  quite  a 
narrow  area  (Fig.  414).  The 
branching  of  the  dendrites 
of  a  cell  of  Purkinje  may, 

therefore,  be    compared    to  M.     Small  cell  of  the  molecular  layer, 
that  which  takes  place  in  GR.  Granule  cell. 

the    case    of    a    fruit-tree  GR^.  Axons  of  granule  cells  in  molecular  layer  cut  transversely. 

Ml.  Basket-cells. 

Basket-work  around  the  cells  of  Purkinje. 
GL.   Neuroglial  cell. 
In  the  molecular  layer  N.     Axon  of  an  association  cell, 
the  cells  are  not  particularly 

numerous,  and  of  these  the  most  characteristic  are  the  basket -cells  which  lie  in  the 
deeper  part  of  the  layer.  In  addition  to  numerous  dendrites  the  basket-cell  gives  off  an 
axon  which  runs  transversely,  as  regards  the  long  axis  of  the  folium,  between  the  planes 
of  adjacent  dendritic  arborisations  of  the  cells  of  Purkinje.  At  first  very  fine  these  axons 
gradually  become  coarse  and  thick,  and  at  intervals  they  give  off  collaterals  which  run 
towards  the  bodies  of  the  cells  of  Purkinje.  Reaching  these,  they  break  up  into  an 
enormous  number  of  fine  terminal  branches,  which  enclose  the  cells  of  Purkinje,  as  well 
as  the  short  non-medullated  portions  of  their  axons,  in  a  close  basket-work  of  fine 
filaments. 

The  granular  layer  is,  for  the  most  part,  composed  of  large  numbers  of  small 
granule-like  bodies  closely  packed  together.  Each  of  these  possesses  a  somewhat  large 
nucleus,  with  a  very  small  amount  of  surrounding  protoplasm.  From  the  cell  body  three 
or  four,  or  perhaps  five,  dendrites  and  one  axon  proceed.  The  dendrites  are  short  and 
radiate  out  from  different  aspects  of  the  cell  body.  They  end  in  tufts  of  claw-like  twigs, 
which  either  embrace  or  are  otherwise  in  contact  with  neighbouring  granule  cells.  The 
whole  multitude  of  granule  cells,  therefore,  are  brought  into  intimate  connexion  with 
each  other.    The  axon  passes  into  the  molecular  layer,  in  which  it  ends  at  a  varying 


Fig.  413. 


A  Cerebellar  Folium 


GL 

Trans VERSE  Section  through 
(after  Kolliker). 

Treated  by  the  Golgi  method. 

P.     Axon  of  cell  of  Purkinje. 
F.      Moss  fibres. 

K  and  K^.  Fibres  from  white  core  of  folium  ending  in  molecular  layer  in 
connexion  with  the  dendrites  of  the  cells  of  Purkinje. 


which  is  trained  against  a 
wall. 
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distance  from  the  surface  by  dividing  into  two  branches.  These  diverge  so  sharply  from 
each  other  that  they  almost  form  a  right  angle  with  the  parent  stem,  and  they  run 
parallel  to  the  long  axis  of  the  folium,  threading  their  way  between  the  branches  of  the 
various  dendritic  planes  of  the  cells  of  Purkinje  and  entering  into  contact  association  with 
them.  When  the  great  number  of  granule  cells  is  borne  in  mind,  and  the  fact  that  each 
sends  an  axon  into  the  molecular  layer,  the  important  part  which  these  fibres,  with  their 
longitudinal  branches,  take  in  building  up  the  molecular  layer  will  be  understood.  They 
are  found  pervading  its  entire  thickness — from  the  surface  down  to  the  bodies  of  the  cells 
of  Purkinje. 

Near  the  cells  of  Purkinje  a  few  scattered  cells  are  seen  in  the  granular  layer  of  a 

different  kind.  These  are  much  larger  than  the 
ordinary  granule  cells,  and  are  probably  of  the 
nature  of  association  cells.  They  are  stellate  in 
form,  and  have  numerous  long  branching  dendrites 
and  an  axon  which  divides  up  in  the  granular 
layer  to  a  singular  extent. 

The  white  centre  of  the  folium  becomes 
thinner  as  it  approaches  the  summit.  This  is  due 
to  the  fibres  which  compose  it  gradually  entering 
the  gray  matter  on  the  surface.  These  fibres 
are  of  three  kinds,  viz.  :  (1)  axons  of  the  cells 
of  Purkinje ;  (3)  fibres  which  apparently  end 
in  the  granular  layer;  and  (3)  fibres  which 
end  in  the  molecular  layer. 

The  axons  of  the  cells  of  Purkinje  are 
medullated  fibres  which,  entering  the  white 
centre  of  the  folium,  form  a  not  inconsiderable 
part  of  it. 

The  fibres  which  end  in  the  granular  layer 
are  called  moss-fibres.  This  name  is  applied  to 
them  because,  in  the  granular  layer,  they 
present  at  certain  points  moss-like  thickenings, 
from  wdiich  short  rough  twigs  proceed. 

The  fibres  which  proceed  into  the  molecular 
layer  give  olf  few  or  perhaps  no  branches  as  they 
traverse  the  granular  layer.  In  the  deeper  part 
of  the  molecular  layer  they  break  up  into 
varicose  branches,  which  twine  around  the 
primary  and  secondary  stems  of  the  Purkinje  dendrites. 

Entering  into  the  constitution  of  the  molecular  layer  are  the  following  elements :  (1) 
dendrites  of  the  cells  of  Purkinje ;  (2)  basket-cells  and  somewhat  smaller  cells  nearer  the 
surface ;  (3)  axons  of  the  granule  cells,  with  their  longitudinally  arranged  branches ;  (4) 
the  terminations  of  certain  fibres  from  the  white  core  of  the  folium,  which  end  in  contact 
with  the  Purkinje  dendrites. 

In  the  granular  layer  are  found:  (1)  granule  cells;  (2)  larger  stellate  association 
cells;  (3)  axons  of  the  cells  of  Purkinje;  (4)  moss-fibres  ;  (5)  fibres  traversing  this  layer, 
to  end  in  the  molecular  layer. 


Fig.  414. — Section  through  the  Molecular 
AND  Granular  Layers  in  the  Long  Axis 
OF  A  Cerebellar  Folium  (after  KoUiker). 

Treated  by  the  Golgi  method. 

P.     Cell  of  Purkinje. 

GR.  Granule  cells. 

N.    Axon  of  a  granule  cell. 

N^.  Axons  of  granule  cells  in  molecular  layer. 


THE  DEEP  CONNEXIONS  OF  THE  CRANIAL  NERVES  ATTACHED  TO  THE 

MEDULLA  AND  PONS. 

There  are  twelve  pairs  of  cranial  nerves,  of  which  the  lower  eight  are  attached 
to  the  medulla  and  x^ons  Varolii.  From  above  downwards  these  are  named  the 
fifth  or  trigeminal,  the  sixth  or  abducent,  the  seventh  or  facial,  the  eighth  or 
auditory,  the  ninth  or  glossopharyngeal,  the  tenth  or  vagus,  the  eleventh  or  spinal 
accessory,  and  the  twelfth  or  hypoglossal.  The  hypoglossal,  the  spinal  accessory, 
the  greater  part  of  the  facial,  the  abducent,  and  the  motor  root  of  the  trigeminal 
are  efferent  nerves ;  the  auditory,  the  pars  intermedia  of  the  facial,  and  the  sensory 
root  of  the  trigeminal  are  purely  afferent  nerves;  whilst  the  vagus  and  the  glosso- 
pharyngeal are  composed  of  both  efferent  and  afferent  fibres.  In  all  cases  afferent 
fibres  arise  from  ganglionic  cells  placed  outside  the  brain  and  penetrate  the  brain- 
stem, to  end  in  connexion  with  the  cells  of  certain  nuclei  of  termination.  Efferent 
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fibres,  on  the  other  hand,  take  origin  within  the  brain  as  the  axons  of  cells  which 
are  grouped  together  in  certain  places  in  the  form  of  nuclei  of  origin. 

Nuclei  of  Origin,  or  Motor  Nuclei. — In  the  spinal  cord  the  nuclei  of  origin  are 
represented  by  elongated  columns  of  cells  which  run  more  or  less  continuously  in 
the  anterior  horn  of  gray  matter  of  successive  cord-segments,  and  from  these  the  series 
of  efferent  anterior  nerve-roots  take  origin.  In  the  medulla  and  pons  the  nuclei  of 
origin,  or,  in  other  words,  the  motor  nuclei  of  the  individual  nerves  become,  for  the 
most  part,  discontinuous,  and  are  represented  by  certain  isolated  clumps  of  compact 
gray  matter,  in  which  are  placed  the  clusters  of  cells  from  which  the  fibres  of  the 
efferent  nerves  arise.  The  nucleus  ambiguus,  however,  which  consists  of  a  column  of 
cells  from  which  root  fibres  of  the  medullary  part  of  the  spinal  accessory,  of  the  vagus, 
and  possibly  also  of  the  glossopharyngeal  are  derived,  is  an  exception  to  this  rule. 
At  the  decussation  of  the  pyramids,  the  anterior  horn  of  gray  matter  of  the  cord  is 
broken  up  by  the  intercrossing  bundles  into  a  detached  head  and  a  basal  part  which 
remains  in  relation  with  the  ventro-lateral  aspect  of  the  central  canal.  Certain 
of  the  efferent  or  motor  nuclei  of  the  medulla  and  pons  lie  in  the  line  of  the  basal 
portion  of  the  ventral  horn  of  gray  matter  of  the  spinal  cord,  and  thus  close  to 
the  mesial  plane.  These  are  termed  mesial  nuclei  of  origin,  and  are  met  with  at 
different  levels  in  the  brain-stem.  This  group  comprises  the  hypoglossal  nucleus,  _ 
the  dorsal  motor  nucleus  of  the  vago-glossopharyngeal  nerve,  the  abducent  nucleus 
(and,  in  the  mesencephalon,  the  trochlear  nucleus  and  the  oculo-motor  nucleus). 
Other  motor  nuclei  of  origin  are  present  in  the  form  of  isolated  clumps  or  columns 
of  gray  matter,  which  lie  at  different  levels  in  the  medulla  and  pons  in  the  line  of 
the  detached  head  of  the  anterior  horn  of  gray  matter.  They  are  the  nucleus 
ambiguus  of  the  spinal  accessory,  the  vagus  and  glossopharyngeal,  the  facial 
nucleus,  and  the  nucleus  of  the  motor  root  of  the  trigeminal  nerve.  From  their 
position  in  the  tegmental  substance  of  the  medulla  and  pons  they  constitute  a  group 
to  which  the  name  of  lateral  motor  nuclei  is  applied. 

The  different  nuclei  of  origin  of  the  efferent  fibres  which  belong  to  the  various 
cranial  nerves,  both  mesial  and  lateral,  are  connected  with  the  motor  area  of  the 
cerebral  cortex  by  fibres  from  the  pyramidal  tract,  which  enter  the  nuclei  and  end 
in  connexion  with  their  cells. 

Nuclei  of  Termination. — In  the  brain  the  nuclei  of  termination  are  likewise 
discontinuous,  and  are  represented  by  more  or  less  isolated  clusters  or  columns  of 
cells.  Unlike  the  motor  nuclei,  however,  these  nuclei  show  no  regular  or  definite 
position  within  the  medulla  and  pons.  Some  are  found  in  the  gray  matter  which 
surrounds  the  central  canal,  and  in  its  continuation  upwards  as  the  gray  matter  in 
the  floor  of  the  fourth  ventricle  ;  others  are  placed  in  the  tegmental  substance  ;  whilst 
two  actually  lie  on  the  surface  of  the  brain-stem,  viz.  the  lateral  and  ventral  nuclei 
of  the  cochlear  or  outer  division  of  the  auditory  nerve. 

The  axons  of  the  cells  of  the  nuclei  of  termination  enter  the  reticular  formation 
of  the  tegmental  substance  as  arcuate  fibres,  and,  crossing  the  mesial  plane,  are 
carried  upwards  in  the  tegmental  substance  of  the  opposite  side  to  establish  direct 
connexions  with  the  optic  thalamus  and  indirect  connexions  with  the  cerebral 
cortex. 

Hypoglossal  Nerve  (nervus  hypoglossus). — The  nucleus  of  origin  of  the  hypo- 
glossal nerve,  the  motor  nerve  of  the  tongue,  lies  in  the  substance  of  the  medulla 
oblongata.  It  is  composed  of  several  groups  of  large  multipolar  cells,  which  closely 
resemble  the  cells  in  the  ventral  horn  of  gray  matter  in  the  spinal  cord,  and  is 
pervaded  by  an  intricate  network  of  fine  fibrils.  In  form  it  is  elongated  and 
rod-like,  and  in  length  it  is  somewhere  about  18  mm.  It  extends  from  a  point 
immediately  above  the  decussation  of  the  pyramids  up  to  the  level  of  the  striae 
acusticse.  The  lower  portion  of  the  nucleus  is  thus  placed  in  the  closed  part  of  the 
medulla  (Fig.  397,  p.  493),  whilst  its  upper  part  is  situated  in  the  open  part  of  the 
medulla  (Fig  402,  p.  497).  The  former  lies  in  that  part  of  the  central  gray  matter 
which  is  continuous  with  the  basal  part  of  the  ventral  horn  of  gray  matter  of  the 
cord.  It  is  thus  placed  on  the  ventral  and  lateral  aspect  of  the  central  canal, 
close  to  the  mesial  plane  and  the  corresponding  nucleus  of  the  opposite  side.  The 
upper  part  of  the  nucleus  occupies  a  position  in  the  gray  matter  on  the  floor  of 
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the  fourth  ventricle,  subjacent  to  the  inner  part  of  the  surface  area,  which  has  been 
described  under  the  name  of  the  trigonum  hjpoglossi.  Within  the  nucleus  the 
axons  of  the  cells  arrange  themselves  in  converging  bundles  of  fine  fibres,  which 
come  together  and  leave  the  ventral  aspect  of  the  nucleus  as  the  fasciculi  of  the 
nerve.  The  nerve  bundles  thus  formed  traverse  the  entire  antero-posterior  thickness 
of  the  medulla  between  the  formatio  reticularis  grisea  and  the  formatio  reticularis 
alba,  and  emerge  on  the  surface  in  linear  order  at  the  bottom  of  the  furrow  between 
the  olivary  eminence  and  the  pyramid.  In  the  substance  of  the  medulla  the  root- 
bundles  of  the  hypoglossal  pass  between  the  main  inferior  olivary  nucleus  and  the 
mesial  accessory  olivary  nucleus,  and  many  of  them  on  their  way  to  the  surface 
pierce  the  ventral  lamina  of  the  main  olivary  nucleus. 

No  decussation  between  the  nerves  of  opposite  sides  takes  place  in  the  medulla,  but 
commissural  fibres  pass  between  the  two  nuclei  (Kolliker).  Further,  numerous  fibres  from 
the  opposite  pyramidal  tract  enter  the  nucleus  and  end  in  connexion  with  its  cells.  The 
nucleus  is  thus  brought  into  connexion  with  the  motor  area  of  the  opposite  side  of  the 
cerebral  cortex. 


Spinal  Accessory  Nerve  (nervus  accessorius). — The  spinal  accessory  is  likewise 
a  motor  nerve,  and  it  is  generally  described  as  consisting  of  a  spinal  and  a  medullary 
or  accessory  part. 

Column  of  Burdach 


Column  of  Goll 


POSTROQTy 


ANTROO'i 


Fig.  415. — Diagham  of  the  Spinal 
Origin  of  the  Spinal  Accessory 
Nerve  (after  Bruce). 
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Fig.  416. — Section  through  the  Upper  Part  of  the 
Cervical  Eegion  of  the  Cord  (Orang), 
Showing  the  origin  of  the  spinal  part  of  the  spinal  accessory 
nerve. 


The  spinal  part  of  the  nerve  emerges  by  a  series  of  roots  which  issue  from  the 
surface  of  the  lateral  column  of  the  upper  part  of  the  cord  as  low  down  as  the  fifth 
cervical  nerve.  These  take  origin  in  a  column  of  cells  situated  in  the  anterior  horn 
of  gray  matter  of  the  cord  close  to  its  lateral  margin,  and  immediately  behind  the 
nerve-cells  which  give  rise  to  the  fibres  of  the  anterior  roots  of  the  upper  five 
cervical  nerves.  The  cells  of  the  accessory  nucleus  are  large,  multipolar,  and  in 
every  respect  similar  to  the  motor  cells  of  the  spinal  nerves.  The  axons  from  these 
cells  leave  the  dorsal  aspect  of  the  nucleus  in  converging  groups  to  form  the  root- 
bundles  of  the  nerve.  These,  in  the  first  place,  proceed  straight  backwards  in  the 
anterior  horn  of  gray  matter.  Beaching  the  bay  between  the  two  horns  of  gray 
matter,  they  turn  sharply  outwards  into  the  white  matter  and  traverse  the  lateral 
column  to  gain  their  points  of  exit  from  the  cord.  At  the  decussation  of  the 
pyramids,  root-bundles,  which  join  the  spinal  accessory  nerve,  are  seen  to  proceed 
from  the  detached  head  of  the  anterior  horn  of  gray  matter. 

The  medullary  part  of  the  spinal  accessory  nerve  has  its  nucleus  of  origin  in  the 
medulla ;  and  its  root-bundles,  as  they  proceed  outwards  from  this,  can  be  distin- 
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guished  by  the  fact  that  they  pursue  a  course  on  the  ventral  side  of  the  spinal  root 
of  the  trigeminal  nerve,  whereas  the  vagus  roots,  with  which  they  are  apt  to  be 
aconfused,  pass  through  or  lie  on  the  dorsal  aspect  of  the  trigeminal  root  (Kolliker). 
[The  nucleus  of  origin  of  the  medullary  part  of  the  accessory  nerve  is  formed  by  the 
same  column  of  cells  which  constitutes  the  nucleus  ambiguus,  and  which,  at  a  higher 
level,  gives  motor  fibres  to  the  vagus  and  glossopharyngeal  nerves. 

The  part" of  the  spinal  accessory  nerve  which  takes  origin  in  the  spinal  cord  supplies  the 
sterno-mastoid  and  trapezius  muscles.  The  medullary  or  accessory  portion  joins  the  vagus,  and 
through  the  external  and  recurrent  laryngeal  nerves  it  supplies  the  muscles  of  the  larynx.  The 
portion  of  the  nucleus  ambiguus  from  which  it  arises  has  thus  been  termed  the  laryngeal  nucleus 
(Edinger).  _  _   "         ~      ~]      ~  ' 

Collaterals  and  fibres  of  the  opposite  pyramidal  tract  end  in  connexion  with  the  cells  of 
origin  of  the  accessory  nerve,  and  thus  bring  its  nucleus  into  connexion  with  the  motor  area  of 
the  cerebral  cortex.  Fibres  also  from  tlie  posterior  roots  of  the  spinal  nerves  (afferent  or  sensory 
fibres)  end  in  the  nucleus. 

Vagus  and  Glossopharyngeal  Nerves  (nervus  vagus,  nervus  glossopharyn- 
geus). — These  nerves  present  similar  connexions  with  the  brain,  and  they  may 
therefore  be  studied  together.  The  greater  part  of  both  nerves  is  composed  of 
afferent  fibres,  which  arise  outside  the  brain-stem  from  ganglionic  cells  placed  in 
relation  to  the  nerve-trunks.  Both  nerves  likewise  possess  motor  or  efferent  fibres, 
which  spring  from  two  special  nuclei  of  origin  situated  within  the  medulla  and 
termed  respectively  the  dorsal  motor  nucleus  and  the  nucleus  ambiguus.  The  afferent 
ganglionic  fibres  of  the  vagus  and  glossopharyngeal  enter  the  brain  by  a  series  of 
roots  which  penetrate  the  medulla  along  the  outer  or  ventral  side  of  the  restiform 
body.  Within  the  medulla  they  separate  into  two  sets,  viz.  a  series  of  bundles 
(chiefly  composed  of  vagus  fibres),  which  end  in  the  dorsal  nucleus  of  termination 
of  the  vagus  and  glossopharyngeal  nerves,  and  another  series  of  bundles  (chiefly 
composed  of  glossopharyngeal  fibres),  which  join  a  conspicuous  longitudinal  tract  . 
of  fibres  called  the  fasciculus  solitarius.  ^  V 

The  dorsal  nucleus  (Figs.  398,  p.  495,  and  402,  p.  497)  of  the  vagus  and  glosso- <■ 
_>pharyngeal  nerves  ismixed,  and  contains  both  motor  cells  which  give  origin  toW-^iuo| 


efferent  fibres  and  ceTIsaround  which  afferent  fibres  of  the  vagus,  and  possibly  also  _^ 
of  the  glossopharyngeal  nerve,  break  up  into  terminal  arborisations.  It  very  nearly 
equals  in  length  the  nucleus  of  the  hypoglossal  nerve,  with  which  it  is  closely  ^^c^HL. 
related.  Above,  it  reaches  as  high  as  the  strise  acusticse,  whilst  below  its  lower  end 
falls  slightly  short  of  that  of  the  hypoglossal  nucleus.  In  specimens  stained  by  " 
the  Weigert-Pal  method  the  two  nuclei  offer  a  marked  contrast.  The  hypoglossal 
nucleus  presents  a  dark  hue,  owing  to  the  enormous  numbers  of  fine  fibres  which 
twine  in  and  out  amidst  its  cells ;  the  vago-glossopharyngeal  dorsal  nucleus  is  pale 
^  from  the  scarcity  of  such  fibres  within  it.  In  the  closed  part  of  the  medulla  the 
dq^sd^vg^o-glossopharyngeal  nucleus  lies  in  the  central  gray  matter  immediately 
^-Qki^P^Sie  hypoglossal  nucleus,  andjipon  the  la_teral  aspect  of  the  ce-nfrp^  pgnal 
in  the  6pen  part  of  the  medulla  it  lies  in  the  gray  matter  of  the  floor  of  the  fourth 
ventricle,  immediately  to  the  outer  side  of  the  hypoglossal  nucleus  and  subjacent 
to  the  surface  area  termed  the  trigonum  vagi. 


The  cells  in  the  portion  of  the  dorsal  nucleus  which  acts  as  a  nucleus  of  jl^^^ 
termination  are  spindle-shaped  in  form  and  similar  to  those  found  in  the  posterior 
horn  of  gray  matter  in  the  cord.  In  connexion  with  these  cells,  the  greater  — 
number  of  the  afferent  fibres  of  the  vagus  nerve,  and  a  small  proportion  of  the 
afferent  fibres  of  the  glossopharyngeal  nerve  end  in  fine  terminal  arborisations. 
itA  small  part  of  the  upper  portion  of  the  nucleus  may  be  said  to  belong  to  the 
Iglosso-pharyngeal  nerve  and  the  remainder  of  the  nucleus  to  the  vagus  nerve. 

The  cells  which  constitute  the  dorsal  motor  or  effere7it  nucleus  as  seen  in  trans-  ^f^jC^ 
verse  section  appear  in  a  more  or  less  compact  cluster,  which  lies  immediately  to 
the  outer  side  of  the  hypoglossal  nucleus.    These  cells,  although  very  conspicuous, 
are  not  so  large  a3  those  in  the  hypoglossal  nucleus,  nor  as  those  in  the  anterior 
horn  of  gray  matter  of  the  cord ;  nor  do  they  stain  so  deeply. 

The  fasciculus  solitarius  (Figs.  397,  p.  493 ;  398,  p.  495  ;  and  402,  p.  497)  is  a 
round  bundle  of  longitudinal  fibres  which  forms  a  very  conspicuous  object  in  trans- 
verse sections  through  the  medulla.    It  begins  at  the  upper  limit  of  the  medulla, 
37  a 
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and  can  be  traced  downwards  through  its  whole  length.  Its  precise  point  of 
termination  is  not  known,  but  it  is  believed  that  it  is  carried  for  some  distance 
downwards  into  the  upper  part  of  the  cord,  viz.  to  the  level  of  the  fourth  cervical 
lerve,  according  to  Kolliker.     The  relations  of  the  fasciculus  soFit'arius  are  not 


the^'SHrrie'Tir'alT^parts^of  its  course.  It  lies  immediately  to  the  outer  side  of  the 
dorsal  vago-glossopharyngeal  nucleus;  but  whereas  in  the  upper  part  of  the  medulla 
it  is  situated  somewhat  on  the  ventral  side  of  that  nucleus,  in  the  lower  closed  part 


of  the  medulla  it  is  placed  on  its  dorsal  aspect. 


Throughout  its  entire  length  it  is 
intimately  associ- 
ated with  a  column 
of  gelatinous  gray 
substance  which 
constitutes  the 
nucleus  of  ter- 
mination in  which 
its  fibres  end. 
When  traced  from 
above  downwards, 
the  solitary  tract 
is  observed  to  be- 
come gradually 
smaller  from  the 
loss  of  fibres  which 
it  thus  sustains. 
The  great  bulk  of 
the  solitary  tract 
is  formed  of  fibres 
derived  from  the 
gl  0  s  s  op  hary  n  geal 
nerve  ;  only  a  few 
oT  fhe  afferent 
fibres  of  the  vagus 
enter  it.  As  the 
fibres  of  the  two 
nerves  join  the 
tract  they  im- 
mediately turn 
downwards,  and  at 
different  levels 
come  to  an  end  in 
the  associated 
gelatinous  gray 
nucleus. 

As  the  root- 
bundles  of  the vagus 
and  the  glosso- 
pharyngeal nerves 

traverse  the  substance  of  the  medulla  in  a  backward  and  inward  direction  to  reach  the 
fasciculus  sohtarius  and  the  dorsal  nucleus  of  termination,  they  pass  through  the  spinal 
root  of  the  trigeminal  nerve  and  the  substantia  gelatinosa  Rolandi  associated  with  it. 
The  term  ascending  root  is  sometimes  applied  to  the  fasciculus  sohtarius ;  but  as  this 
conveys  an  altogether  false  conception  of  its  character  it  should  be  discarded.  The 
axons  of  the  nucleus  of  termination  and  of  the  nucleus  of  the  fasciculus  sohtarius 
form  central  connexions  with  other  parts  of  the  brain,  but  these  have  not  as  yet  been 
completely  elucidated. 

The  dorsal  efferent  nucleus  gives  off  fibres  which  join  the  afferent  fibres  of  the 
vago-glossopharyngeal  rootlets  as  they  traverse  the  medulla,  and  mixing  with 
them  they  pass  along  the  same  path  to  emerge  from  the  medulla. 

The  nucleus  ambiguus  (Figs.  398,  p.  495,  and  402,  p.  497)  also  gives  origin  to 


Fig.  417. — Diagram,  showing  the  brain  connexions  of  the  vagus,  glosso- 
pharyngeal, auditory,  facial,  abducent,  and  trigeminal  nerves. 
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motor  or  efferent  fibres  which  join  the  vagus  and  glossopharyngeal  nerves.  The 
cells  which  compose  it  are  large,  multipolar,  and  similar  in  every  respect  to  the 
large  cells  in  the  ventral  horn  of  gray  matter  of  the  spinal  cord.  These  cells  are 
arranged  in  a  slender  column  which  is  best  developed  in  the  upper  open  part  of  the 
medulla.  Here  the  nucleus  can  easily  be  detected  in  transverse  sections  as  a  small 
area  of  compact  gray  matter  which  lies  in  the  formatio  reticularis_g^risea^  midway 
between  the  dorsal  accessory  olrve  and  the  substantia  gelatinosa  Kolandi.  It  there- 
Tore  lies  more^eply  in  the  substance  of  the  medulla  than  the  mixed  dorsal  vago- 
glossopharyngeal nucleus.  Kolliker  states  that  it  can  be  traced  downwards  as  low 
as  the  level  of  the  decussation  of  the  fillet,  and  upwards  as  high  as  the  place  of 
entrance  of  the  cochlear  root  of  the  auditory  nerve.  From  its  dorsal  aspect  the 
axons  of  the  cells  proceed,  and  in  the  first  instance  they  pass  backwards  towards 
the  floor  of  the  fourth  ventricle ;  then,  bending  suddenly  outwards  and  forwards, 
they  join  the  afferent  roots  of  the  vagus  and  possibly  also  of  the  glossopharyngeal 
nerves,  and  emerge  from  the  brain  in  company  with  these. 

Upon  anatomical  grounds  it  miglit  be  questioned  whether  the  glossopharyngeal  nerve  contains 
any  efferent  fibres.  It  gives  off,  it  is  true,  one  motor  brandL,,  viz.  to  the  sty1o-pha,ryTigens 
muscle,  but  there  are  paths  by  means  of  which  tliese  fibres  mig^it  enter  the  nerve"  other  than  by 
coming  directly  from  the  motor  nuclei,  which  have  been  described  in  connexion  with  the  vago- 
glossopharyngeal nerve -roots. 

There  is,  further,  some  ground  for  the  belief  that  all  the  fibres  of  the  glossopharyngeal  pass 
into  the  fasciculus  solitarius.    In  a  very  instructive  case  descriljed  by  Alexander  Bruce  in  which  | 
the  glossopharyngeal  was  destroyed  in  the  jugular  foramen  by  the  pressure  of  a  tumour,  no|| 
degenerated  fibres  could  be  traced  beyond  the  fasciculus  solitarius.  ^ 

Auditory  Nerve  (nervus  acusticus). — This  is  a  large  nerve  which  joins  the  brain 
at  the  lower  border  of  the  pons  Varolii  and  on  the  ventral  aspect  of  the  restiform-  u 
body.    It  is  an  afferent  nerve,  and  its  fibres  spring  from  bipolar  ganglionic  cells  ^^^a  - 
either  within  or  in  the  immediate  neighbourhood  of  the  labyrinth  or  internal  ear^  , 
(see  section  dealing  with  the  organs  of  sense).    Reaching  the  brain^  the  auditorv        '  ^ 
nerve  divides  into  two  parts,  viz.  the  nervus  cochlearis  and  the  nervus  vestibularis, 
which  present  totally  different  connexions  and  apparently  exercise  absolutely 
distinct  functions.    In  their  further  course  these  two  divisions  deviate  from  each 
other  so  as  to  embrace  the  restiform  body — the  vestibular  part  entering  the  pons 
on  the  inner  or  mesial  aspect  of  the  restiform  body,  whilst  the  coclilear  part  -"^^J^ 
sweeps  round  its  outer  surface.     Special  nuclei  of  termination  require  to  be 
studied  in  connexion  with  each  part  of  the  nerve. 

The  cochlear  nerve  is  composed  of  finer  fibres  than  the  vestibular  nerve, 
and  these  acquire  their  medullary  sheaths  at  a  later  period.  It  is  the  true  nerve 
of  hearing,  and  its  fibres  end  in  a  ganglion  which  lies  in  intimate  relation  to  the 
restiform  body,  and  which  may  be  described  as  consisting  of  two  parts.  Of  these 
one,  called  the  tuherculum  acusticum  or  the  lateral  cochlear  nucleus,  is  a  pyriform 
mass  which  is  placed  on  the  outer  aspect  of  the  restiform  body — between  it  and 
the  flocculus  of  the  cerebellum.  The  second  part,  termed  the  ventral  cochlear 
nucleus,  does  not  extend  so  low  down  as  the  tuberculum  acusticum.  It  is  a  w^edge- 
shaped  nuclear  mass  which  is  placed  on  the  ventral  aspect  of  the  restiform  body  in 
the  interval  between  the  cochlear  and  vestibular  divisions  of  the  auditory  nerve, 
after  they  have  separated  from  each  other.  The  fibres  of  the  cochlear  nerve  enter 
these  two  ganglia  and  end  around  the  cells  in  terminal  arborisations,  which  are 
finer,  closer,  and  more  intricate  than  those  met  with  in  any  other  nerve  nucleus  in 
the  brain. 

The  vestibular  nerve  enters  the  brain  at  a  slightly  higher  level  than  the  cochlear 
nerve  and  on  the  mesial  aspect  of  the  ventral  coclilear  nucleus.  It  forces  its  way 
backwards  through  the  pons  between  the  restiform  body,  which  lies  on  its  outer 
side,  and  the  spinal  root  of  the  fifth  nerve,  which  is  placed  on  its  inner  side.  Its 
fibres  come  to  an  end  in  three  nuclei  of  termination,  which  are  situated  in  the 
dorsal  part  of  the  pons  and  medulla,  viz.  (1)  the  principal  nucleus  or  dorsal  nucleus; 
(2)  the  nucleus  of  the  descending  root ;  and  (3)  the  nucleus  of  Deiters. 

The  principal  nucleus  (Figs.  403,  p.  500,  and  418,  p.  520)  is  a  large  diffuse 
nuclear  mass,  which  lies  in  the  floor  of  the  fourth  ventricle  subjacent  to  the  surface 
31  h 
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district  kno\yii  as  the  area  acustica  (Fig.  391,  p.  487).  It  is  situated,  therefore,  in 
both  the  pons  and  the  medulla  to  the  outer  side  of  the  fovea  superior  and  the  fovea 
inferior.    In  transverse  section  it  is  prismatic  in  outline,  and  crossing  the  surface 

of  its  upper  or  pontine  part 
immediately  under  the 
ependyma  of  the  ventricle 
are  the  strite  acusticic. 

When  the  nervus  vesti- 
bularis, as  it  traverses  the 
brain;  reaches  the  inner 
aspect  of  the  dorsal  portion 
of  the  restiform  body,  a 
very  large  proportion  of 
its  fibres  turn  vertically 
downwards  in  separate 
bundles  and  foroi  the  de- 
scending root  of  the  vesti- 
^bular  nerve  (Figs.  398,  p. 


495,  402,  p.  497;  403, 
p.  500;  418,  p.  520). 
This  proceeds  through  the 
low^er  part  of  the  pons  into 
the  medulla,  in  which  it 
may  be  traced  as  far  as 
the  level  of  the  decussa- 
tion of  the  fillet.  As- 
sociated with  the  descend- 
ing root  there  is  a  column 
of  gray  matter,  with  nerve- 
cells  strewn  sparsely 
throughout  it.  This  is 
the  nucleus  of  the  de- 
scending root,  and  the 
fibres  end  in  fine  arborisa- 
tions around  these  nerve- 
cells. 

The  fibres  of  the  vestibular  nerve  likewise  end  in  the  nucleus  of  Deiters.  This 
nucleus  is  composed  of  a  number  of  large  and  conspicuous  multipolar  nerve-cells, 
which  are  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  root 
of  the  vestibular  nerve.  As  it  is  traced  upwards  into  the  pons  the  nucleus 
gradually  inclines  backwards,  and  finally  it  occupies  a  place  in  the  lateral  wall  of 
the  fourth  ventricle.  It  attains  its  greatest  development  at  the  level  of  the 
emerging  part  of  the  facial  nerve,  and  this  upper  part  is  sometimes  termed  the 
nucleus  of  Bechterew. 


Fig.  418. 


-Central  Connexions  of  the  Cochlear  and  Vestibular 
Divisions  of  the  Auditory  Nerve. 


(Diagram  founded  on  drawings  by  Edinger  and  Ferrier  and  Turner.) 


Central  Connexions  of  the  Cochlear  Nerve.— The  cochlear  nerve  is  brought 
into  connexion  with  the  inferior  quadrigeminal  body,  and  the  corpus  geiiiculatum 
internum  of  the  opposite  side  by  the  fibres  of  the  corpus  trapezoides  and  the  lateral 
fillet.  But  this  connexion  is  not  direct ;  the  chain  is  composed  of  several  separate  links 
or  neurons  superimposed  one  over  the  other. 

The  fibres  of  the  cochlear  nerve  end  in  the  ventral  cochlear  nucleus  and  in  the  tuber- 
culum  acusticum.  From  the  cells  of  these  nuclei  two  tracts  arise,  viz.  a  ventral  tract, 
composed  of  the  fibres  of  the  corpus  trapezoides,  and  a  dorsal  tract,  which  is  represented 
by  the  stride  acustic^e. 

The  corpus  trapezoides  (Figs.  418  and  119)  is  formed  of  the  axons  of  the  cells  of  the 
ventral  cochlear  nucleus,  as  well  as  certain  of  the  axons  of  the  cells  of  tuberculum 
acusticum.  In  the  midst  of  the  corpus  trapezoides  are  lodged  large  cells  which  are  known 
as  the  mideus  trapezoideus,  and  these  give  off  axons  which  join  the  strand  with  w^hich 
they  are  associated.  Further,  the  stiperior  olive  forms  an  important  internode  in  the 
path  of  the  corpus  trapezoides.    Many  of  the  fibres  of  the  corpus  trapezoides  end  in  this 
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internode,  whilst  others  are  added  to  the  tract  from  the  cells  of  that  nuclear  mass.  So 
constituted,  the  trapezial  fibres  cross  the  mesial  plane  and  decussate  with  the  correspond- 
ing fibres  of  the  opposite  side.  Reaching  the  opposite  superior  olivary  nucleus  a  further 
interchange  of  fibres  takes  place,  and  almost  immediately  after  this  the  strand  turns 
upwards  and  becomes  the  lateral  fillet  (Figs.  405,  p.  503 ;  406,  p.  504).  But  still 
another  nucleus  is  interposed  in  its  path,  viz.  the  nucleus;  of  the  lateral  Jillet.  Here 
some  fibres  are  dropped,  whilst  from  the  nuclear  cells  others  are  acquired,  and  the  lateral 
fillet  then  proceeds  onwards  without  further  interruption  until  it  reaches  the  inferii)iL_ 
guadrigeminal  body  and  the  corpus  geniculatum  internum,  in  which  its  fibres  end._  It  is 
probable,  however,  that  someTiliewise^extend  into  the  superior  quadrigeminal  body. 

But  the  lateral  fillet  also  includes  the  fibres  of  the  striae  acusticae  of  the  opposite 
side.  These  fibres  arise  from  the  cells  of  the  tuberculum  acusticum,  and  arrange  them- 
selves in  the  conspicuous  bundles  which  sweep  round  the  dorsal  aspect  of  the  resti- 
form  body  and  proceed  inwards  across  the  floor  of  the  fourth  ventricle,  immediately 
beneath  the  ependyma  (Fig.  391,  p.  487).  Reaching  the  middle  line  they  dip  forwards 
into  the  substance  of  the  medulla,  and,  crossing  the  mesial  plane,  they  join  the  lateral 
fillet. 

It  is  well  to  remember  that  the  connexion  between  the  terminal  cochlear  nuclei  and 
the  inferior  quadrigeminal  body  is  not  altogether  with  that  of  the  opposite  side,  as  the 
foregoing  description  and  the  diagram  (Fig.  418)  might  lead  one  to  infer.  A  few  fibres 
pass  directly  to  the  inferior  quadrigeminal  body  of  the  same  side,  but  none  to  the  corre- 
sponding corpus  geniculatum  internum  :  the  connexion  with  the  latter  is  entirely  crossed^ 
(Ferrier  and  Turner). 

From  the  corpus  geniculatum  internum  there  proceeds  a  tract  to  the  gray  cortex  of 
the  superior  convolution  of  the  temporal  lobe.  The  whole  nervous  apparatus  is  thus 
linked  on  to  the  cerebral  cortex,  and  the  succession  of  neurons  which  build  up  the  entire 
chain  are  therefore  :  (1)  the  bipolar  cells  of  the  ganglion  spirale  ;  (2)  the  neurons  of  the 
terminal  cochlear  nuclei ;  (3)  the  neurons  of  the  superior  olive  and  the  nucleus  of  the 
lateral  fillet ;  (4)  the  neurons  of  the  corpus  geniculatum  internum. 

It  must  be  borne  in  mind  that  all  the  axons  of  the  cells  of  the  superior  olive  do  not 
join  the  trapezoid  strand.  Many  leave  its  dorsal  aspect  and  pass  backwards  in  a  group 
called  the  pedicle  of  the  superior  olive,  to  end  in  the  nucleus  of  the  sixth  nerve,  and, 
through  the  posterior  longitudinal  bundle,  in  the  nuclei  of  the  fourth  and  third  nerves. 
In  this  way  the  organ  of  hearing  is  brought  into  connexion  with  the  nuclei,  which  preside 
over  the  movements  of  the  eyeballs  (Figs.  403,  p.  500,  and  420,  p.  523). 

Central  Connexions  of  the  Vestibular  Nerve.— Although  the  central  con- 
nexions of  the  vestibular  nerve  have  been  closely  studied  by  many  observers,  they  are 
still  very  far  from  being  fully  understood.  The  principal  nucleus  and  the  nucleus  of 
Deiters  both  stand  in  intimate  relation  with  the  superior  vermis  of  the  cerebellum  :  and 
in  consideration  of  the  fact  that  the  vestibular  nerve  is  tlie  nerve  of  equilibration,  this 
is  an  important  and  significant  circumstance.  The  strand  wdiicli  establishes  this  con- 
nexion has  been  termed  by  Edinger  "  the  direct  sensory  cerebellar_tractjl  and  in  all 
probability  it  is  an  efferent  tract  from  the  cerebelluuL.  Its  fibres  arise  to  a  large  extent 
in  the  cerebellar  roof  nuclei  of  the  opposite  side,  and,  crossing  the  mesial  plane,  they 
sweep  forw^ards  around  the  outer  side  of  the  superior  cerebellar  peduncle  as  it  emerges 
from  the  cerebellum  to  end  in  the  nucleus  of  Deiters,  the  chief  vestibular  nucleus,  and 
very  possibly  also  in  the  teiininal_s^nsQr.yjnuGl^i^-^^e^^ 
the^  tngeimii^tryUgu^^ 

Until  the  precise  nature  of  the  nucleus  of  Deiters  is  discovered,  the  exact  character 
of  the  central  connexions  of  the  vestibular  nerve  Avill  remain  more  or  less  obscure.  It 
cannot  be  regarded  as  a  nucleus  specially  given  over  to  the  vestibular  nerve.  Composed 
of  large  cells  scattered  amidst  the  bundles  of  the  upper  part  of  the  descending  root  of  the 
vestibular  nerve,  it  only  becomes  a  compact  nucleus  above  the  level  of  that  nerve,  viz. 
at  the  point  where  the  restiform  body  turns  backwanis  into  the  cerebellum,  or,  in 
other  words,  at  the  level  of  the  emerging  facial  nerve  and  the  low^er  end  of  the  abducent 
nucleus.  Here,  in  the  outer  part  of  the  floor  of  the  fourth  ventricle,  its  cells  are  gathered 
together  in  a  crowded  mass.  Deiters  himself  considered  that  this  nucleus  should  be 
regarded  as  an  internode  between  the  cerebellum  and  the  spinal  cord,  and  Ferrier  and 
Turner  have  brought  forward  strong  evidence  in  support  of  this  view\  Klimoft'  attaches 
a  very  high  importance  to  the  direct  "  sensory  "  tract  of  Edinger.  From  his  description 
it  would  appear  that  he  regards  it  as  the__only_c_erebeIlM\_-eJG£reLQt^ 
dctvsm-wafd  direction.  He  believes,  fnT^jiPv^  t,bnf  tba  nvmis  of  th^  p.p1|s  of  Dpit.prs  form  thp 
anterior  marginal  tract  of 'TjowentEaT'Jt^  ye^tibuio-s^ialis  of  Monnk(>w);  whirh 
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descends  in  the  antero-lateral  column  of  the  cord  as  far  as  the  lumbar  region.  It  is 
supposed  that  the  fibres  of  this  tract  end  in  the  cord  in  arborescent  terminations  around 
I  the  motor  cells  in  the  ventral  horn  of  gray  matter. 

From  what  has  been  said  it  must  be  apparent  that  the  nucleus  of  Deiters  plays  a  most 
important  part  in  connexion  with  the  maintenance  of  the  equilibrium  of  the  body  and 
the  co-ordination  of  its  muscular  movements.  Thus  it  constitutes  an  internode  in  the 
path  of  those  fibres  which  connect  the  cortex  and  roof  nuclei  of  the  cei:abfi-11nm  wilh^thg 
motor  apparatus"of  the  spinal  c_or"d^;  it  receives  fibres  through  the  vestibular  nerve  from 
the  labynnth  of  the  ear ;  and  it  sends  fibres  into  the  posterior  longitudinal  bundle, 
through  which  it  in  all  probability  exercises  some  influence  over  the  nuclei  of  the  ocular 
nerves. 

Opinion  is  also  divided  as  to  the  composition  and  nature  of  the  so-called  descending 
root  of  the  vestibular  nerve.  After  division  of  the  eighth  nerve,  Ferrier  and  Turner  were 
unable  to  detect  any  degeneration  in  this  root,  and  they  therefore  are  inclined  to  call  in 
question  its  direct  continuity  with  the  nerve.  They  consider  that  in  all  probability  it 
forms  an  intern  uncial  connexion  between  the  nucleus  of  Deiters  and  the  cuneate  nucleus, 
in  which  Bruce  has  seen  its  lower  end  to  terminate. 


12- 


FiG.  419. — Section  through  the  Pons  Varolii  of  the  Orang, 

Showing  the  nucleus  and  intrapontine  course  of  the  facial  nerve.    The  left  side  of  the  drawing  is  taken 
from  a  section  at  a  slightly  lower  level  than  the  section  from  which  the  right  side  is  taken. 


Ascending  part  of  facial  nerve. 

Posterior  longitudinal  bundle. 

Descending  root  of  eighth  nerv( 

Radicular  fibres  of  facial  nerve. 

Restiforni  body. 

Facial  nucleus. 

Spinal  root  of  fifth  nerve. 

Vestibular  nerve. 

Superior  olive. 

FUlet. 

Pyramidal  tract. 
Transverse  fibres  of  pons. 


B 

1.  Ascending  part  of  facial  nerve. 

2.  Emergent  portion  of  facial  nerve. 

3.  Restiform  body. 

4.  Nucleus  of  sixth  nerve. 

5.  Sixth  Nerve. 

6.  Emergent  part  of  facial  nerve. 

7.  Peduncle  of  superior  olive. 

8.  Superior  olive. 

9.  Corpus  trapezoides. 

10.  Facial  nerve. 

11.  Sixth  nerve. 

12.  Pyramidal  tract. 

13.  Transverse  llbres  of  pons. 


Facial  Nerve  (nervus  facialis)  (Figs.  419  and  420). — The  facial  nerve  is  com- 
posed of  two  distinct  parts,  viz.  a  large  efferent  or  motor  portion,  the  facial  nerve 
proper,  and  a  small./|fferent  sensory  portion  termed  the  pars  intermedia  of  Wrisberg. 

The  facial  nerve  emerges  from  the  brain  at  the  lower  border  of  the  pons,  immediately 
in  front  and  to  the  inner  side  of  the  auditory  nerve,  whilst  the  pars  intermedia 
sinks  into  the  upper  part  of  the  medulla  between  the  facial  and  auditory  nerves. 
The  three  nerves,  therefore,  lie  in  intimate  relation  with  each  other,  where  they 
are  attached  to  the  surface  of  the  brain,  and  they  pass  in  company  into  the  internal 
auditory  meatus. 
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The  nucleus  of  origin  of  the  facial  nerve  is  an  oval  mass  of  gray  matter,  about 
five  mm.  in  length,  and  containing  numerous  groups  of  large  multipolar  cells.  It 
is  sunk  deeply  in  the  dorsal  or  te^entalpart_o£  jthe  lower  portion  of  thg_pons 
Varolii,  and  is  placed  close  to  tlie  inneFsTcIe^f^the  spinal  root  of  the  fifth  nerve. 
When  transverse  sections  are  made  through  the  brain-stem,  the  facial  nucleus  is 
encountered  the  moment  the  boundary  line  between  the  medulla  and  pons  is 
passed,  and  the  region  immediately  above  the  inferior  olivary  nucleus  is  reached. 
At  first  it  lies  so  deeply  in  the  tegmentum  of  the  pons  that  it  actually  rests  upon 
the  dorsal  aspect  of  the  corpus  trapezoides ;  but  a  little  farther  up  the  superior 
olive  comes  into  view,  and  insinuates  itself  between  the  facial  nucleus  and  the 
trapezial  fibres.  The  upper  part  of  the  nucleus  is  in  this  way  tilted  somewhat 
backwards,  and  thus  comes  to  lie  on  the  dorsal  and  outer  aspect  of  the  superior 
olive. 

The  facial  nucleus  is  situated  close  to  the  place  where  the  nerve  emerges  from 
the  brain,  but  the  nerve  does  not  at  once  pass  to  this  point  of  exit.  It  pursues 
a  long  and  devious  path  within  the  pons  before  it  finally  reaches  the  surface. 
This  intrapontine  part  of  the  nerve  may  be  divided  into  three  parts,  viz. :  (1)  a 
radicular  part,  (2)  an  ascending  portion,  and  (3)  an  emergent  part. 

The  radicular  part  of  the  facial  nerve  (Fig.  420)  is  composed  of  a  large  number 
of  fine  loosely-arranged  bundles  of  fibres,  which  issue  from  the  outer  and  dorsal 
aspect  of  the  nucleus  and  proceed  backwards  and  slightly  inwards  through  the 
pons.  Eeaching  the  floor  of  the  fourth  ventricle  they  curve  inwards,  and  the 
bundles  which  lie  highest  up  sweep  over  the  outer  and  dorsal  aspect  of  the  lower 
part  of  the  nucleus  of  the  sixth  nerve.  Close  to  the  mesial  plane  they  turn 
sharply  upwards  and  are  collected  into  a  single  solid  nerve-bundle,  which  consti- 
tutes the  ascending  part  of  the  facial  nerve  (Figs.  419  and  420).  This  proceeds 
vertically  upwards  immediately 
beneath  the  ependyma  of  the 
ventricular  floor,  on  the  dorsal 
aspect  of  the  posterior  longitudinal 
bundle,  and  along  the  inner  side 
,of  the  sixth^or  abducent  nucleus 
for  aTHTstance  oF^out  five  milli- 
metres. Suddenly  the  nerve  bends 
outwards  at  a  right  angle,  and 
curves  a  second  time  over  the 
dorsal  aspect  of  the  sixth  or 
abducent  nucleus.  The  nerve  now 
passes  straight  to  the  place  of  exit 
from  the  brain,  and  this  part  of 
the  intrapontine  trunk  may  be 
termed  the  emergent  portion  (Figs. 
419  and  420).  The  facial  nerve 
thus  forms  a  curved  loop  over  the 
dorsal  aspect  of  the  abducent 
nucleus.  The  emergent  part  of 
the  nerve  takes  an  oblique  course 
through  the  pons  to  reach  the 
surface.  It  inclines  outwards  and 
downwards  as  it  proceeds  towards 
the  ventral  aspect  of  the  pons, 
and  on  its  way  it  passes  between 
its  own  nucleus  and  the  spinal  root 
of  the  fifth  nerve. 


Fig.  420. — Diagram  of  the  Intrapontine  Course  PUrsued 
BT  THE  Facial  Nerve. 


Entering  the  facial  nucleus,  and  ending  in  fine  terminal  arborisations  around  its  cells,  are 
many  fibres  from  the  opposite  pyramidal  tract ;  fibres  from  the  spinal  root  of  the  fifth  nerve ; 
fibres  from  the  corpus  trapezoides,  etc.  The  micleus  is  thus  brought  into  connexion  with  the 
motor  area  of  the  cerebral  cortex,  with  the  trigeminal  nerve  or  sensory  nerve  of  the  face,  and 
with  the  auditory  nerve,  etc. 
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The  fibres  of  the  pars  intermedia  of  Wrisberg  arise  from  the  cells  of  the  geni- 
culate ganglion  of  the  facial  nerve.  These,  like  the  cells  of  a  spinal  ganglion,  are 
unipolar,  the  single  process  in  each  case  dividing  into  a  peripheral  and  a  central 
branch.  The  group  of  peripheral  fibres  represent  the  chorda  tympani  branch  of 
the  facial  nerve,  whilst  the  central  fibres  form  the  pars  intermedia.  The  latter 
penetrate  the  brain,  and,  passing  either  through  or  on  the  dorsal  side  of  the  spinal 
root  of  the  fifth  nerve,  they  finally  reach  the  upper  part  of  the  column  of  gray 
matter  in  connexion  with  the  fasciculus  solitarius,  and  in  this  they  end.  The  pars 
intermedia  presents,  therefore,  the  same  terminal  connexions  within  the  brain  as 
the  glossopharyngeal  nerve. 

Efferent  secretory  fibres  are  also  described  as  being  present  in  the  pars  intermedia.  These 
are  said  to  spring  from  cells  which  constitute  a  salivary  nucleus  placed  in  the  pons  on  the  dorsal 
aspect  of  the  facial  nucleus. 

Abducent  or  Sixth  Nerve  (nervus  abducens)  (Figs.  419  and  420). — This  is  a 
small  motor  nerve  which  emerges  from  the  brain  at  the  lower  border  of  the  pons 
on  the  outer  side  of  the  pyramid  of  the  medulla.  It  is  the  nerve  of  supply  to 
the  external  rectus  muscle  of  the  eyebalL  Its  nucleus  of  origin  is  a  small 
spherical  mass  of  gray  matter,  containing  large  multipolar  cells,  which  lies  in 
the  dorsal  part  of  the  tegmental  portion  of  the  pons,  close  to  the  mesial  plane  and 
immediately  subjacent  to  the  gray  matter  of  the  floor  of  the  fourth  ventricle.  Its 
position  can  be  easily  indicated  on  the  ventricular  floor,  seeing  that  it  is  placed 
subjacent  to  the  emenentia  teres  and  immediately  above  the  level  of  the  striae 
acusticae.  Its  peculiar  and  intimate  relation  to  the  intrapontine  portion  of  the 
facial  nerve  has  already  been  indicated.  It  lies  on  the  ventral  aspect  of,  and  within 
the  concavity  formed  by,  the  two  limbs  of  the  loop  of  that  nerve. 

The  axons  of  the  multipolar  cells  of  this  nucleus  emerge  from  the  inner  aspect 
of  the  nucleus  in  the  form  of  several  bundles,  which  proceed  through  the  whole 
antero-posterior  thickness  of  the  pons  towards  the  place  of  exit.  As  they  pass 
forwards  they  incline  downwards  and  slightly  outwards.  In  the  tegmental  part 
of  the  pons  they  proceed  forwards  on  the  inner  side  of  the  superior  olive,  whilst  in 
the  ventral  part  of  the  pons  they  keep  for  the  most  part  to  the  outer  side  of 
the  pyramidal  bundles,  although  several  of  the  nerve  fasciculi  pierce  these  on 
their  way  to  the  surface. 

It  would  appear  probable  that  certain  of  the  axons  of  the  cells  of  the  abducent  nucleus  enter 
the  posterior  longitudinal  fasciculus  and  j)roceed  upwards  in  it  to  join  the  third  or  oculo- 
motor nerve  of  the  opj^osite  side.  Further  mention  of  these  will  be  made  later  on.  Fibres 
and  collaterals  from  the  pyramidal  tract  of  the  opposite  side  enter  the  nucleus,  and,  ending 
around  the  cells,  bring  the  nucleus  into  connexion  with  the  motor  area  of  the  cerebral  cortex. 
The  pedicle  of  the  superior  olive  ends  partly  within  the  nucleus  of  the  abducent  nerve  (p.  521). 

Trigeminal  or  Fifth  Nerve  (nervus  trigeminus). — The  trigeminal  nerve  strikes 
its  roots  deeply  into  the  brain  and  establishes  a  connexion  with  it  which  extends 
from  the  upper  part  of  the  mesencephalon  above  to  the  level  of  the  second  cervical 
nerve  below.  iS'o  other  cranial  nerve  presents  so  extensive  a  connexion  (Fig7 
417,  p.  518).  It  is  composed  of  two  roots — a  large  afferent  or  sensory  root  and 
a  small  efferent  or  motor  root.  Both  roots  appear  close  together  on  the  surface 
of^he  pons,  rather  nearer  its  upper  border  than  its  lower  border,  and  in  the  same 
line  as  the  facial  and  auditory  nerves. 

The  sensory  root  of  the  fifth  nerve  is  composed  of  fibres  which  arise  outside  the 
brain  from  the  cells  of  the  Gasserian  ganglion.  They  end  within  the  brain  in  two 
nuclei  of  termination.  One  of  these  is  situated  in  the  pons  and  is  termed  the 
sensory  nucleus  of  the  trigeminal  nerve,  and  the  other  is  a  long  column  of 
gray  matter  which  is  directly  continuous  below  with  the  substantia  gelatinosa 
Kolandi  of  the  spinal  cord. 

The  sensory  nucleus  (Fig.  421)  is  an  oval  mass  of  gray  matter  which  is  placed' 
ha^^ay  ujd  the  pons  in  the  outer  part  of  its  tegmental  poriiojl.  It  lies  close  to 
the  outer  surface  of  tEe  pons  and  immediately  subjacent  to  the  ventral  submerged 
margin  of  the  superior  cerebellar  peduncle.  It  is  directly  continuous  with  the 
substantia  gelatinosa  Rolandi,  and  may  be  regarded  as  being  merely  the  enlarged 
upper  end  of  that  column  of  gray  matter. 
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The  fibres  of  the  sensory  root  of  the  fifth  nerve,  on  reaching  the  sensory  nucleus, 
divide  in  a  manner  similar  to  the  fibres  of  the  entering  posterior  roots  of  the  spinal 
nerves  into  a  system  of  ascending  and  descending  branches  (Fig.  417,  p.  518). 
The  ascending  fibres  are  short,  and  almost  immediately  enter  the  sensory  nucleus 
and  end  within  it ;  the  descending  fibres  turn  sharply  downwards  and  form  the  spinal 
root  (tractus  spinalis :  the  ascending  root  of  many  text-books).  This  root  descends 
on  the  outer  side  of  the  column  of  gray  matter  formed  by  the  substantia  gelatinosa 
Rolandi,  which  constitutes  its  terminal  nucleus.  Fibres  constantly  leave  it  to 
enter  the  nucleus,  so  that  the  lower  it  gets  the  smaller  does  the  spinal  root  become 
until,  in  the  upper  part  of  the  spinal  cord,  about  the  level  of  the  first  or  second 
spinal  nerve,  it  disappears  altogether. 


Superior  cerebellar  peduncle- 


Superior  medullary  velum 
or  valve  of  Vieussens 


Floor  of 
ventricle  IV. 


f  '  Mesencephalic  root  of  the  fifth  nerve 


Motor  nucleus  of  the  lifth  nerve 
Motor        of  the  hftli  ner\:g:r 


V.Sensory  nucleus  of  the  fifth  nerve-  

Superior  olive 

Sensory  root  of  / 
fifth  nerve ^  ~  - 


Middle  peduncle 
of  cerebellum 


Formatio 
reticularis 


Corpus 
trapezoides 


Fia  421.— Section  through  the  Pons  Varolii  of  the  Orang,  at  the  Level  of  the  Nuclei 

OF  THE  Trigeminal  Nerve. 


The  large  spinal  root  of  the  fifth  nerve  is  a  conspicuous  object  in  sections  through  the 
pons  and  medulla.     In  the  former  it  traverses  the  tegmental  part,  first,  between  the 
emergent  part  of  the  facial  nerve  and  the  vestibular  nerve ;  and  then  lower  down,  Vjetween 
the  restiform  body  and  the  nucleus  of  the  facial  nerve  (Fig.  419,  A,  p.  522).    In  cross 
I  sections  it  presents  a  w^ell-defined  semilunar  or  curved  pyriform  outline.    In  the  upper 
I  part  of  the  medulla  it  lies  on  the  ventral  aspect  of  the  restiform  body,  and  therefore 
I  nearer  to  the  surface  (Fig.  398,  p.  495).     Here  it  is  traversed  and  broken  up  into 
/  separate  bundles  by  the  cerebello-olivary  fibres  and  the  roots  of  the  glossopharyngeal  and 
I  vagus  nerves.    Finally,  it  comes  to  the  surface  and  its  fibres  are  spread  over  the  area  on 
/  the  side  of  the  medulla  known  as  the  tubercle  and  funiculus  of  Rolando  (Fig.  394, 
\p.  492). 

The  small  motor  part  of  the  trigeminal  nerve  is  chiefiy  distributed  to  the  muscles 
of  mastication,  and  derives  its  fibres  from  two  sources,  viz.  from  the  motor  nucleus 
and  from  the  mesencephalic  root  of  the  trigeminal  nerve. 

The  motor  nucleus  (Fig.  421)  lies  in  the  lateral  part  of  the  tegmental  portion  of 
the  pons,  close  to  the  inner  side  of  the  sensory  terminal  nucleus,  but  somewhat 
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nearer  to  the  floor  of  the  fourth  ventricle.  It  is  not  placed  in  the  exact  line  of  the 
facial  nucleus,  as  it  is  situated  somewhat  nearer  the  dorsal  aspect  of  the  pons ;  but, 
nevertheless,  it  may  be  considered  as  being  equivalent  in  this  region  to  the  detached 
head  of  the  anterior  horn  of  gray  matter  in  the  lower  part  of  the  medulla.  The 
cells  of  this  nucleus  are  large  and  multipolar,  and  their  axons  run  together  to  form 
the  greater  portion  of  the  motor  root  of  the  fifth  nerve. 

The  mesencephalic  root  takes  origin  in  the  mesencephalon  from  a  column  of 
large  loosely-arranged  cells  which  are  placed  in  the  extreme  lateral  part  of  the 
gray  matter  which  surrounds  the  Sylvian  aqueduct.  As  the  lower  end  of  this  column 
of  cells  reaches  the  pontine  part  of  the  floor  of  the  fourth  ventricle  it  becomes 
continuous  with  the  dark  cells  of  the  locus  co^ruleus.  The  mesencephalic  root 
as  it  is  traced  downwards  gradually  gains  strength  by  the  addition  of  new  fibres, 
and  it  assumes  a  crescentic  form  in  transverse  section  (Figs.  430,  p.  535  ;  432,  p. 
537  ;  407,  p.  505  ;  406,  p.  504).  In  the  lower  part  of  the  mesencephalon  it  lies  on 
the  inner  side  of  the  superior  cerebellar  peduncle ;  and  the  fourth  nerve,  on  its  way 
to  the  surface,  runs  downwards  in  its  concavity  and  on  its  mesial  aspect.  In  the 
upper  part  of  the  pons,  it  continues  its  course  downwards  on  the  outer  and  deep 
aspect  of  the  gray  matter  which  forms  the  floor  of  the  fourth  ventricle,  and  here  it 
stands  in  relation  to  the  cells  of  the  locus  coeruleus.  Finally,  reaching  the  level  of 
the  nuclei  of  the  trigeminal  nerve,  the  fibres  of  the  mesencephalic  root  turn 
forwards  and  join  the  motor  part  of  the  trigeminal  nerve  (Fig.  421). 

S.  Eamon  y  Cajal  has  shown  that  an  intimate  relationship  is  established  between  the 
mesencephalic  nucleus  and  the  principal  motor  nucleus  of  the  trigeminal  nerve.  Large  numbers 
of  collaterals  from  the  fibres  of  the  mesencephalic  root  enter  the  latter  nucleus  and  break  wp  into 
close  networks  around  its  cells.  It  has  been  suggested  that  through  this  connexion  a  weak 
impulse  proceeding  from  the  higher  nucleus  may  be  transformed  within  the  lower  (ji  principal 
nucleus  into  a  powerful  excitation.  6Vc/  V"-^        ''^'^^'^'^'  '^  "'1 

(1)  It  is  not  known  to  what  parts  the  fibres  of  the  mesenceplialic  root  go.  Kolliker  suggests 
that  they  suj^ply  the  tensor  veli  palatini  and  the  tensor  tympani  ;  perhaps,  also,  they  may  be  dis- 
tributed to  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric.  (2)  Fibres  from  the  opposite 
pyramidal  tract  go  to  the  motor  nucleus  and  bring  it  into  connexion  with  the  motor  area  of  the 
cerebral  cortex.  (3)  By  degeneration  methods  the  root  of  the  fifth  nerve  has  been  traced  down  to 
the  level  of  the  second  cervical  nerve  (Ferrier  and  Turner).  (4)  The  axons  of  the  terminal  nuclei 
emerge  as  arcuate  fibres,  and,  proceeding  through  the  raj^he,  assume  a  longitudinal  course  in  the 
tegmentum  of  the  oj^posite  side,  and  thus  establish  connexions  with  parts  higher  up  (tractus 
quinto-thalaniicus).  (5)  Some  of  the  axons  of  the  cells  of  the  terminal  nucleus  enter  the  motor 
nucleus,  and  thus  establish  a  simple  reflex  a23paratus. 

The  Development  of  the  Parts  derived  from  the  PtHOMBENCEPHALON. 

A  general  sketch  of  the  development  of  the  medulla,  pons,  and  cerebellum  has  already 
been  given  (p.  476).  It  is  only  necessary,  therefore,  in  this  section  to  call  attention  to 
some  of  the  more  important  details  connected  with  the  process. 

Medulla. — In  the  embryo  the  cervical  flexure  indicates  in  a  sharp  and  definite  manner 
the  point  of  junction  between  the  cord  and  the  brain  (Fig.  382,  p.  477).  In  the  early 
condition  of  the  rhombencephalon  the  calamus  scriptorius  extends  downwards  to  this  level, 
so  that,  in  the  first  instance,  there  is  no  part  of  the  medulla  which  corresponds  to  the 
closed  portion  present  in  the  adult.  The  lower  closed  part  of  the  medulla  makes  its 
appearance  at  a  later  period,  and  is  termed  by  His  the  interca^a.tec[  portion  /"Sehaltstup.kV 

In  our  study  of  the  development  of  that  part  of  the  neural  tube  which  forms  the  spinal 
cord  we  have  recognised  two  thick  lateral  walls  connected  in  front  and  behind  by  narrow 
mid- ventral  and  mid-dorsal  laminse.  The  same  parts  are  seen  in  the  developing  medulla. 
Owing,  however,  to  the  expansion  of  the  cavity  in  this  portion  of  the  tube  the  mid-dorsal 
lamina  is  stretched  out  into  an  extensive  and  thin  epithelial  membrane  which  forms  the 
dorsal  wall  or  roof  of  the  ventricle  in  this  section  of  the  early  brain.  The  thick  lateral 
walls  have  also  fallen  away  from  each  other,  and  are  joined  in  front  by  the  narrow 
mid-ventral  lamina.  On  section,  therefore,  the  medullary  part  of  the  neural  tube  presents 
a  triangular  figure — the  base,  which  is  directed  backwards,  being  formed  by  the  thin 
epithelial  expansion  derived  from  the  mid-dorsal  lamina,  the  apex  by  the  narrow  mid- 
ventral  lamina,  and  the  sides  by  the  thick  lateral  walls  of  the  tube.  Further,  each  lateral 
wall  consists  of  an  alar  or  dorsal  and  a  basal  or  ventral  lamina.  This  subdivision  is  more 
clearly  indicated  than  in  the  cord,  and  on  the  inner  surface  of  the  lateral  wall  a  strongly- 
marked  longitudinal  furrow  marks  the  line  of  junction  of  the  two  laminae.    The  histo- 
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logical  developinent  of  these  several  parts  of  the  wall  of  the  medullary  portion  of  the 
neural  tube  proceeds  in  a  manner  very  similar  to  that  already  detailed  in  the  case  of  the 
cord.  No  neuroblasts  are  formed  in  the  mid-ventral  and  mid-dorsal  laminae  ;  the  entire 
neuroblastic  formation  is  confined  to  the  basal  and  alar  laminae.  Within  the  basal  lamina, 
likewise,  are  collected  the  neuroblasts  which  form  the  nuclei  of  origin  of  the  efferent 
nerves  ;  whilst  within  the  alar  lamina  are  developed  the  neuroblasts  which  constitute  the 
nuclei  of  termination  for  the  fibres  of  the 
afferent  nerves. 

As  development  proceeds,  the  two  laminae 
of  the  lateral  wall  fall  outwards  to  a  still 
greater  extent,  so  that  they  come  to  lie  very 
nearly  in  the  same  horizontal  plane.  In  this 
manner  their  originally  mesial  or  ventricular 
surfaces  come  to  form  the  floor  of  the  fourth 
ventricle.  Even  in  the  adult  the  groove, 
which  separates  the  basal  and  alar  laminae 
so  clearly  from  each  other  in  the  early  con- 
dition, is  more  or  less  distinctly  perceptible  on 
the  ventricular  floor.  It  is  represented  by  the 
fovea  inferior  and  by  the  fovea  superior. 
Between  these  depressions  and  the  mesial 
groove  on  the  floor  of  the  fully -developed 
fourth  ventricle  there  is  an  elongated  eleva- 
tion, which,  in  its  lower  part,  forms  the  tri- 
gonum  hypogiossi,  above  this  the  emenentia 
teres,  whilst  higher  up  it  is  continued  towards 
the  commencement  of  the  Sylvian  aqueduct. 
This  clearly-marked  and  bulging  mesial  strip 
of  the  ventricular  floor  corresponds  to  the 
basal  lamina,  whilst  the  part  of  the  floor  which 
lies  to  the  outer  side  of  it  and  the  two  foveae 
is  derived  from  the  alar  lamina.  The  latter, 
therefore,  includes  the  trigonum  vagi,  the  area 
acustica,  and  the  locus  cceruleus. 

The  further  development  of  the  medulla 
takes  place  on  the  ventral  aspect  of  the  two 
laminae  by  the  deposition  of  new  parts  on 
those  which  are  already  formed.  An  oval 
bundle  of  longitudinal  fibres  makes  its  ap- 
pearance on  the  outer  surface  of  the  alar 
lamina,  at  the  point  where  this  joins  the 
basal  lamina.  This  is  the  early  fasciculus 
solitarius.  It  is  composed  of  afferent  fibres 
from  the  glossopharyngeal  and  vagus  nerves. 
These,  on  reaching  the  surface  of  the  medulla, 
turn  downwards  upon  it.  At  first  the  con- 
nexion of  the  fasciculus  solitarius  with 
the  medulla  is  very  loose,  and  it  may  be 
regarded  as  being  the  equivalent  in  this 
part  of  the  neural  tube  of  the  oval  bundle 
of  longitudinal  fibres  which,  in  the  early  cord, 
constitutes  the  first  stage  of  the  column 
of  Burdach.  Throughout  the  further  stages 
of  development  the  fasciculus  solitarius  in- 
dicates in  a  sufficiently  clear  manner  the  point  of  junction  between  the  alar  and 
basal  laminae.  Very  soon  it  becomes  covered  over  by  parts  developed  on  its  ventral 
aspect,  and  it  ultimately  comes  to  lie  deeply  in  the  substance  of  the  medulla.  This 
change  in  the  position  of  the  fasciculus  solitarius  with  reference  to  the  surface  is  asso- 
ciated with  a  striking  developmental  process  which  leads  to  certain  remarkable  results, 
and  which  is  termed  the  formation  of  the  rhombic  lip  of  His  (Fig.  422,  B  and  C).  Before 
the  alar  lamina  falls  outwards,  while  it  still  stands  erect  and  its  inner  surface  faces  the 
corresponding  surface  of  the  opposite  lamina,  its  dorsal  edge  is  folded  outwards  and 
becomes  fused  with  the  outer  surface  of  the  remaining  portion  of  the  alar  lamina.  This 
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Fig.  422,— Three  Stages  in  the  Development  of 
THE  Medulla  Oblongata  (from  His — slightly 
modified). 
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is  the  rhombic  lip,  and,  when  the  fusion  is  complete,  a  multitude  of  neuroblasts  take  form 
within  it  and  migrate  in  a  forward  and  inwards  direction  into  the  ventral  parts  of  the 
alar  and  basal  laminEe.  The  mid-ventral  lamina — which  consists  of  spongioblastic  cells 
alone,  and  which  forms  a  narrow  partition  between  the  two  basal  laminse — is  reached  on 
either  side  by  the  axons  of  many  of  these  migrating  cells.  Whilst  acting  as  an  impassable 
barrier  to  the  neuroblasts,  this  spongioblastic  septum  gives  free  passage  from  one  side  to 
the  other  to  their  axons,  and  a  decussation  of  arcuate  fibres  in  the  mesial  plane  results. 
In  this  way  the  raphe  of  the  medulla  is  formed.  The  process  is  very  similar  to  that  which 
takes  place  in  the  course  of  the  formation  of  the  anterior  commissure  of  the  cord,  of 
which  the  raphe  may  be  regarded  as  the  equivalent  in  the  medulla. 

The  development  of  the  inferior  olivary  nucleus  and  of  its  two  accessory  parts  is  like- 
wise closely  connected  with  the  migration  of  the  neuroblasts  from  the  region  of  the 
rhombic  lip.  Many  of  these  cells  collect  together  so  as  to  form  a  nuclear  lamella,  wdiich 
afterwards  assumes  its  characteristic  crumpled  form. 

As  the  neuroblasts  of  the  rhombic  lip  stream  inwards  they  pass  both  on  the  dorsal 
and  the  ventral  aspects  of  the  fasciculus  solitarius,  which  thus  comes  to  be  covered  over 
and  separated  from  the  surfacCo  The  spinal  root  of  the  trigeminal  nerve,  like  the 
fasciculus  solitarius,  is  also,  in  the  first  instance,  throughout  its  entire  course  on  the 
surface  of  the  medulla,  and  its  change  of  position  in  the  greater  part  of  its  course  within 
the  pons  and  medulla  is  due  to  the  subsequent  development  of  those  parts  w^hich  cover  it 
over. 

The  importance  of  the  rhombic  lip  in  the  development  of  the  medulla  will  be  better 
appreciated  if  we  enumerate  the  parts  which  spring  from  it :  (1)  the  inferior  olivary  nuclei; 
(2)  the  cuneate  nucleus ;  (3)  the  substantia  gelatinosa  Rolandi ;  (4)  the  arcuate  nucleus  ; 
(5)  the  internal  arcuate  fibres ;  (6)  the  olivary  system  of  fibres ;  (7)  the  restiform  body. 
From  this  it  is  evident  that  the  formation  of  the  rhombic  lip  constitutes  an  extremely 
important  step  in  the  development  of  the  human  brain.  Recent  investigation,  how^ever, 
makes  it  clear  that  in  most  of  the  lower  mammals  the  rhombic  lip  does  not  attain  any- 
thing like  the  degree  of  prominence  which  it  presents  in  the  early  brain  of  man. 

The  pyramidal  tracts  which  come  down  from  the  cerebral  cortex  are  late  in  making 
their  appearance  in  the  medulla.  The  formatio  reticularis  precedes  them  in  development. 
They  appear  in  the  fourth  month  of  foetal  life,  and  as  they  are  developed  the  antero- 
median furrow  between  them  takes  form  on  the  ventral  aspect  of  the  medulla. 

His  has  pointed  out  that  the  earliest  formed  part  of  the  medulla  is  the  floor  of  the 
fourth  ventricle,  and  that  the  other  parts,  speaking  generally,  are  added  in  succession  as 
we  pass  towards  the  surface.  "  The  oldest  layer  of  the  medulla  is  the  floor  of  the  fourth 
ventricle  with  its  nuclei.  It  is  follow^ed,  in  the  first  instance,  by  the  reticular  formation, 
and  afterwards  by  the  layer  containing  the  olivary  and  other  nuclei.  Last  of  all  come 
the  pyramids  and  the  outer  (superficial)  arcuate  fibres  "  (His). 

Pons  Varolii. — The  information  which  we  possess  at  the  present  moment  regarding 
the  development  of  the  pons  Varolii  is  somewhat  deficient ;  but  there  is  little  doubt  that 
the  course  pursued  is,  in  general,  very  similar  to  that  which  has  been  described  for  the 
medulla.  It  has  been  seen  to  be  composed  of  parts  which  are  in  a  great  measure 
equivalent  to  those  met  with  in  the  medulla,  the  formatio  reticularis  of  the  latter 
passing  into  the  tegmental  substance  in  the  former,  while  the  pyramids  and  arcuate  nuclei 
and  anterior  superficial  arcuate  fibres  of  the  medulla  are  represented  by  the  large  ventral 
part  of  the  pons.  Further,  as  His  points  out,  similar  relations  between  the  chronological 
and  local  succession  of  layers  may  be  recognised.  Thus  the  primitive  position  of  the 
motor  nucleus  of  the  trigeminal  nerve,  and  also  of  its  spinal  root,  is  a  supei-ficial  one,  and 
it  is  only  by  a  later  process  of  development  that  the  nucleus  pontis  and  the  thick  layer 
of  transverse  and  longitudinal  fibres  are  formed. 

From  the  phylogenetic  point  of  view  the  tegmentum  is  the  oldest  part  of  the  pons. 
The  study  of  the  comparative  anatomy  of  the  brain  makes  it  evident  that  the  large 
ventral  part  is  comparatively  a  recent  acquisition.  As  the  cerebral  cortex  extends  with 
the  increasing  evolution  of  the  cerebral  hemispheres  (pallium),  the  ventral  part  of  the 
pons  is  seen  to  keep  pace  with  it  in  its  development.  This  should  easily  be  understood 
from  what  has  been  said  in  regard  to  its  structure  and  connexions.  It  is  composed 
of  the  nucleus  pontis,  the  transverse  fibres,  and  the  pyramidal  and  cortico-pontine  fibres, 
all  of  which  stand  in  direct  relation  to  the  cerebral  cortex.  One  of  the  striking  features 
of  the  brain  of  a  microcephalic  idiot,  where  the  cerebral  cortex  is  greatly  reduced,  is  the 
corresponding  marked  diminution  in  the  size  of  the  ventral  part  of  the  pons. 

Cerebellum. — The  roof  of  the  fourth  ventricle  is  formed  for  the  most  part  by  the 
thin  epithelial  layer  already  described  as  being  formed  by  the  expanded  mid-dorsal  lamina. 
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This  does  not  stretch,  however,  over  its  entire  extent.  As  we  approach  the  upper  part  of 
the  ventricle,  it  is  seen  to  become  continuous  in  the  region  of  the  isthmus  with  a  thicker 
lamella.  This  lamella  is  bounded  above  by  the  intercrossing  of  the  two  trochlear  nerves, 
which  marks  on  the  dorsal  aspect  of  the  neural  tube  the  place  of  junction  between  the 
rhombencephalon  and  the  mesencephalon ;  beloiv,  it  is  limited  by  a  forw^ardly-directed 
semilunar  fold  of 
the  thin  epithelial 
ventricular  roof, 
which  takes  place 
into  the  ventricular 
cavity  at  the  level 
of  the  pontine  flex- 
ure of  the  brain. 
The  fold  so  con- 
stituted is  termed 
the  plica  choroidea, 
seeing  that  meso- 
derm is  introduced 
between  its 
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3.  Sulcus  infrapyramidalis. 
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Fig.  423. — Drawings  to  illustrate  the  Development  of  the  Cerebellum  ^ 
(from  Kuithan). 

A.  Transverse  section  through  the  forepart  of  the  cerebellum  of  a  sheep  embryo. 

B.  Transverse  section  through  the  hinder  part  of  the  cerebellum  of  a  sheep  embryo, 
two   C.  Cerebellum  of  a  human  foetus  17  cm.  long. 

layers,  and  this  ul-       1-   Sulcus  primarius. 

timatplv  P'ivps  rise        2'    ^''^''"^  suprapyramidalis. 
timateiy  gives  rise      ^^^^  ^^^^^^^  ^^^^^^  ventricle  IV. 

to    the  choroid 

plexus  of  the  fourth  ventricle  (Fig.  425,  A).  The  lamella  which  forms  the  roof  or  dorsal 
wall  of  the  ventricle  in  front  of  the  plica  choroidea  is  developed  into  the  cerebellum, 
and  the  superior  medullary  velum  (valve  of  Vieussens). 

The  cerebellar  part  of  this  lamella  consists  of  two  thick  lateral  plates  which  meet  in  the 
middle  line  and  are  joined  there  by  an  extremely  thin  dorsal  seam  or  lamina  (Fig.  423,  A). 
The  inner  extremities  of  the  two  cerebellar  plates  are  thus  separated  by  a  median  groove, 
which  opens  into  the  cavity  of  the  hind-brain  (fourth  ventricle).  The  statement,  there- 
fore, that  the  median  lobe  or  vermis  of  the  cerebellum  is  the  most  archaic  part  of  the 

organ  and  is  the  part  which 
is  developed  first  is  not 
supported  by  fact ;  indeed, 
the  reverse  of  this  is  the 
case,  because  at  this  early 
stage  the  lateral  portions 
are  alone  represented. 

In  the  course  of  time 
the  inner  ends  of  the  cere- 
bellar plates  become  fused 
in  the  middle  line,  and  the 
median  furrow  between 
them  disappears.  In  the 
process  of  this  fusion  the 
deep  part  of  the  intervening 
furrow  remains  enclosed 
within  the  substance  of 
the  median  part  of  the 
cerebellum  and  persists  for 
Fig.  424. — The  Brain  of  an  Embryo  of  eleven  weeks,  viewed  from  a  short  time  as  a  minute 
behind  to  show  the  development  of  the  cerebellum.  At  this  stage  the  cerebellar  ventricle  (Blake), 
cerebellum  is  in  the  form  of  a  simple  band  or  plate  which  arches  over  The  cerebellum  nowDre- 
the  hinder  aspect  of  the  fore  part  of  the  cavity  of  the  hind  brain  (from  ,  ,  i  K 
jjjg^  r  1  J  sents  the  appearance  oi  a 

simple  uniform  arch  which 

bridges  across  the  dorsal  aspect  of  the  upper  part  of  the  early  fourth  ventricle ;  and  very 
soon  the  sulci  begin  to  appear.  Of  late  years  the  development  and  morphological  import 
of  these  sulci  have  received  much  attention.  Stroud,  Kuithan,  Blake,  Elliot  Smith,  and 
Bradley  have  published  valuable  papers  on  this  subject,  and  what  is  written  here  is 
largely  gathered  from  the  writings  of  these  observers.  Further,  the  terminology 
suggested  by  Elliot  Smith  has  been  chiefly,  but  not  entirely,  followed. 

The  first  fissure  to  appear  is  the  floccular  fissure,  which  cuts  ofi"  the  postero-lateral 
corner  of  the  cerebellar  plate.    The  portion  thus  marked  off  is  the  flocculus,  and  its  early 
appearance  and  relatively  large  size  at  this  stage  are  significant  of  its  high  morphological 
38 
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importance  as  a  lobule  of  the  cerebellum. 


Fig.  425. 

A.  Mesial  section  through  the  cerebellum  of  an  early  human  fcetus 
(semi-diagrammatic). 
B.  Mesial  section  through  the  cerebellum  of  a  human  foetus  17  cm.  long 
(from  Kuithan). 

1.  Fissura  prima.  4.  Fissura  postnodularis. 

2.  Fissura  suprapyramidalis.  T.  Transverse  groove  on  the  roof  of 

3.  Fissura  infrapyramidalis.  the  fourth  ventricle. 


The  floccular  fissure  is  continued  inwards 
close  to  the  posterior  border 
of  the  cerebellar  plate,  join- 
ing its  fellow  of  the  opposite 
side  in  the  middle  line. 
Here  it  receives  the  name 
of  post-nodular  fissure.  A 
narrow  strip  of  cerebellar 
surface  is  thus  marked  out. 
The  median  part  of  this 
strip,  by  special  growth,  be- 
comes the  nodulus,  whilst  the 
part  which  extends  between 
this  and  the  flocculus  remains 
narrow  and  band-like,  and 
ultimately  forms  a  portion 
of  the  inferior  medullary 
velum. 

The  next  furrow  which 
appears  is  the  sulcus  prim- 
arius  (Kuithan)  or  fissura 
prima  (Elliot  Smith).  It 
cuts  deeply  into  the  vermis 
in  a  transverse  direction  be- 
tween the  culmen  monticuli 
carried  outwards  over  each  hemisphere  so  as  to 
fissura  prima  is  the  deepest  of  all  the  fissures 


Uvula 


Tonsil  ^  - 
Bi ventral  lobuli  - 

Nodule 


/ 


Post-nodular  tissnrt 


Infrapyramidal  fissure  / 
Suprapyramidal  Assure 


Flocculus 
Paraflocculus 

Peduncle  of 
flocculus 
Post-tousillar 
sulcus 

Paraijyramidal 
sulcus 

Postero-inferior 
obule 


\  Pyramid 
Tuber  valvula 


Great  horizontal  sulcus 
Fig.  426. — Under  Surface  of  the  Cerebellum  of  a  Human  Fcetus 
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and  the  clivus  monticuli,  and  is  then 
separate  the  two  crescentic  lobules.  The 
of  the  vermis,  and  it  is 
developed  towards  the  end 
of  the  third  month.  A 
little  later  two  other  fur- 
rows are  observed  in  the 
vermis.  These  are  the 
suprapyramidal  and  the 
infrapyramidal  (the fissura 
secunda  of  Elliot  Smith). 
By  the  former  the  pyramid 
is  limited  above ;  by  the 
latter  the  pyramid  is  separ- 
ated from  the  uvula. 

After  the  main  fissures 
of  the  vermis  are  estab- 
lished, four  important  sulci 
on  the  surface  of  each  cerebellar  hemisphere  come  into  view,  viz.  the  postlunate,  the 
post-tonsillar,  the  parapyramidal,  and  the  great  horizontal  sulci. 

The  fissura  postlunata  ap- 
pears in  the  fourth  month,  and 
curves  inwards  on  the  upper 
surface  of  the  organ  behind  the 
posterior  crescentic  lobule.  In 
many  cases  it  becomes  con- 
fluent with  its  fellow  of  the 
opposite  side  behind  the  clivus 
monticuli.  The  post-tonsillar 
fissure  is  seen  on  the  under 
surface  of  the  cerebellum  about 
the  beginning  of  the  fifth  month. 
It  circumscribes  the  prominent 
and  conspicuous  tonsil  and 
becomes  confluent  with  the 
fissure  appears  on  the  under  surface  of  the 
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Fig.  427.— Cerebellum  of  a 
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The  great  horizontal  fissure,  in  spite  of  its  depth  in  the  adult  brain — a  depth  which 
is  due  to  the  excessive  growth  in  the  later  months  of  development  of  the  two  lobules  that 
bound  it — appears  very  late  in  the  development  of  the  cerebellum.  It  is  first  seen  as  a 
very  broad  shallow  groove  or  furrow  on  the  outer  margin  of  the  hemisphere.  From  this 
it  runs  forwards  to  the  middle  peduncle  and  backwards  towards  the  vermis,  where  it 
usually  joins  the  postlunate  fissure.  At  this  stage  there  is  no  folium  cacuminis,  so  that 
the  combined  portion  of  the  postlunate  and  great  horizontal  fissures  intervenes  between 
the  clivus  monticuli  and  the  tuber  valvulee.  Even  at  the  time  of  birth  the  folium 
cacuminis  is  not  seen  on  the  surface.  It  rises  up  from  the  bottom  of  the  combined  portions 
of  the  great  horizontal  and  postlunate  fissures  so  as  to  form  a  barrier  between  them. 

Very  early  a  transverse  groove  appears  on  the  smooth  anterior  or  ventricular  surface 
of  the  cerebellum  (Fig.  425,  B,  t).  This  i-s  placed  much  nearer  the  lower  than  the  upper 
border  of  the  organ,  and  it  represents  at  this  stage  the  angular  peak  of  the  tent-like  roof 
of  the  fourth  ventricle  in  the  adult  brain.  As  growth  goes  on,  the  portions  of  the  cere- 
bellum in  front  and  behind  this  groove  approach  each  other,  so  as  to  deepen  the  groove 
and  bring  about  the  backward  prolongation  of  the  ventricular  cavity  towards  the  cerebellum. 

The  leading  distinctive  characters  of  the  human  cerebellum  are:  (1)  the  small  size 
of  the  flocculus ;  (2)  the  large  size  of  the  tonsil ;  (3)  the  excessive  development  of  the 
lateral  hemisphere,  and  particularly  of  the  postero-superior  and  postero-inferior  lobules 
which  bound  the  great  horizontal  fissure. 

THE  MESENCEPHALON. 

The  mesencephalon  or  mid-brain  is  the  short,  narrow  part  of  the  brain-stem 
which  occupies  the  aperture  of  the  tentorium  cerebelli  (incisura  tentorii),  and 
connects  the  cerebrum  which  lies  above  with  the  parts  which  occupy  the  posterior 
cranial  fossa.  It  is  about  three-quarters  of  an  inch  in  length,  and  it  consists  of  a 
dorsal  part,  composed  of  the  corpora  quadrigemina,  and  a  much  larger  ventral  part, 
which  is  formed  by  the  two  crura  cerebri. 

In  the  undissected  brain  the  corpora  quadrigemina  are  completely  hidden  from 
view  by  the  splenium  of  the  corpus  callosum,  which  projects  backwards  over  them, 
and  also  by  the  superimposed  cerebral  hemispheres.  The  hinder  end  of  each  optic 
thalamus  likewise,  to  some  extent,  overhangs  the  upper  part  of  the  mesencephalon 
on  its  dorsal  and  lateral  aspect  (Fig.  388,  p.  482).  On  this  portion  of  the  optic 
thalamus  are  seen  two  projections,  which  are  specially  related  to  the  mesencephalon. 
These  are  the  cushion-like  pulvinar,  which  forms  the  inner  and  hinder  part  of  the 
thalamus,  and  the  corpus  geniculatum  externum,  an  ill-defined  oval  swelling  on  the 
outer  and  under  aspect  of  the  posterior  end  of  the  thalamus. 

The  crura  cerebri  can  to  some  extent  be  seen  on  the  base  of  the  brain,  where 
they  bound  the  posterior  part  of  the  interpeduncular  space.  Encircling  the  upper 
end  of  each  crus  cerebri,  where  it  plunges  into  the  cerebrum,  is  the  optic  tract 
(Fig.  380,  p.  474). 

The  mesencephalon  is  tunnelled  from  below  upwards  by  a  narrow  passage, 
called  the  aqueduct  of  Sylvius,  which  connects  the  fourth  ventricle  with  the  third 
ventricle  (Fig.  429,  p.  533).  This  channel  lies  much  nearer  the  dorsal  than  the 
ventral  aspect  of  the  mesencephalon. 

Corpora  Quadrigemina. — This  name  is  applied  to  four  rounded  eminences  on 
the  posterior  aspect  of  the  mesencephalon  (Fig.  388,  p.  482).  The  superior  pair  are 
larger  and  broader  than  the  inferior  pair,  but  they  are  not  so  well  defined  nor  are 
they  so  prominent.  A  longitudinal  and  a  transverse  groove  separate  the  quad- 
rigeminal  bodies  from  each  other.  The  longitudinal  groove  occupies  the  mesial  plane 
and  extends  upwards  to  the  posterior  commissure  of  the  brain.  The  upper  end  of 
this  groove  widens  out  into  a  shallow  depression,  in  which  the  pineal  body,  a  small 
conical  structure  which  belongs  to  the  diencephalon,  rests.  From  the  lower  end  of 
the  same  groove  a  short  but  well-defined  and  projecting  band,  the  frenulum  veil, 
passes  to  the  valve  of  Vieussens,  which  lies  immediately  below  the  inferior  pair 
of  quadrigeminal  bodies.  The  transverse  groove  curves  round  below  each  of  the 
superior  pair  of  quadrigeminal  bodies  and  separates  them  from  the  inferior  pair. 
It  is  also  continued  in  an  upward  and  forward  direction  on  the  lateral  aspect 
of  the  mesencephalon. 
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The  quadrigeminal  bodies  are  not  marked  off  laterally  from  the  sides  of  the 
mesencephalon,  but  each  has  in  connexion  with  it,  on  this  aspect,  a  prominent 
strand  of  white  matter,  which  is  prolonged  upwards  and  forwards  under  the 
projecting  pulvinar  and  corpus  geniculatum  externum.  These  strands  are  called 
the  brachia  of  the  corpora  CLuadrigemina,  and  they  are  separated  from  each  other  by 
a  continuation  on  the  side  of  the  mesencephalon  of  the  transverse  groove,  which 
intervenes  between  the  two  pairs  of  bodies. 

The  corpus  geniculatum  internum  (corpus  geniculatum  mediale)  is  closely 
associated  with  the  brachia.  It  is  a  small,  sharply-defined  oval  eminence,  which 
lies  on  the  side  of  the  upper  part  of  the  mesencephalon  under  shelter  of  the  pulvinar 
of  the  optic  thalamus. 

The  inferior  brachium  (brachium  quadrigeminum  inferius),  proceeding  upwards 
from  the  lower  quadrigeminal  body,  advances  towards  the  corpus  geniculatum 
internum  and  disappears  from  view  under  cover  of  this  prominence.  Upon  the 
opposite  side  of  the  same  geniculate  body  the  mesial  root  of  origin  of  the  optic  tract 
takes  shape  on  the  surface,  and  the  appearance  is  such  that  the  conclusion  might 
very  naturally  be  arrived  at  that  the  inferior  brachium  and  this  root  of  the  optic 

tract  are  continuous  with  each  other  under  the  genicu- 
,CORP:GEN:EXT:  late   elevation.      This   is  not   the  case,  however ;  the 

fibres  of  the  inferior  brachium,   to   a   large  extent, 
proceed  into  the  subjacent  tegmentum  under  cover  of 
^  the  internal  geniculate  body  and  help  to  constitute  an 

V'">''"^''*^      MESIAL  ROOT,  ascending  tract  from  the  inferior  quadrigeminal  body, 

^C0RP:GEN:INT:  which  proceeds  upwards  to  the  optic  thalamus.     Of  the 

fibres  of  the  mesial  root  of  the  optic  tract  some  end  in 
-supR. QUAD  BODY;  thc  gray  matter  of  the  internal  geniculate  body,  whilst 

,nr..  QUAD  BODY.  otlicrs  arlsc  within  it.    They  constitute  what  is  called 

Fig.  428.-DIAURAM  of  the  roots  Qudden's  commissure. 

OF  THE  Optic  IServe.  .       ,      ,  .  ^  •  i  •  • 

Ihe  superior  brachium   (brachium  quadrigeminum 

superius)  is  carried  upwards  and  forwards  between  the  overhanging  pulvinar 
and  the  corpus  geniculatum  internum.  A  surface  examination  of  the  mesen- 
cephalon is  sufficient  to  show  that,  while  a  large  part  of  this  strand  enters  the 
corpus  geniculatum  externum,  a  considerable  portion  runs  into  the  lateral  root  of 
the  optic  tract. 

The  optic  tract  is  thus  attached  to  the  brain-stem  by  two  roots,  viz.  a  mesial 
and  a  lateral,  which  are  separated  from  each  other  by  a  distinct  groove.  The 
mesial  root  disappears  under  the  internal  geniculate  body.  The  lateral  root  spreads 
out  and  some  of  its  fibres  enter  the  superior  quadrigeminal  body  through  its 
brachium,  whilst  others  find  their  way  into  the  corpus  geniculatum  externum  and 
the  pulvinar  of  the  optic  thalamus  (Fig.  428). 

Crura  Cerebri  (pedunculi  cerebri). — The  crura  cerebri  constitute  the  chief  bulk 
of  the  mesencephalon  (Fig.  429,  p.  533).  Upon  the  basal  aspect  of  the  brain  they 
appear  as  two  large  rope-like  strands,  which  emerge  close  together  from  the  upper 
aspect  of  the  pons  Varolii  and  diverge  as  they  proceed  upwards  to  enter  the 
cerebrum.  At  the  place  where  each  crus  disappears  into  the  corresponding  side 
of  the  cerebrum,  it  is  encircled  by  the  optic  tract. 

Each  crus  cerebri  is  composed  of  two  parts,  viz.  a  dorsal  tegmental  part  (teg- 
mentum), which  is  prolonged  upwards  into  the  region  below  the  optic  thalamus 
(subthalamic  tegmental  region),  and  a  ventral  pedal  portion  or  crusta  (basis  pedun- 
culi), which,  when  traced  upwards  into  the  cerebrum,  is  seen  to  take  up  a  position 
on  the  outer  side  of  the  optic  thalamus  and  to  be  continuous  with  the  internal 
capsule  of  the  brain.  When  the  base  of  the  brain  is  examined  it  is  the  crusta 
which  is  seen,  and  it  is  observed  to  be  w^hite  in  colour  and  streaked  in  the  longi- 
tudinal direction.  In  the  tegmentum  the  longitudinally-arranged  fibres  are,  for 
the  most  part,  corticipetal,  or,  in  other  words,  fibres  which  are  ascending  towards 
the  cortex  of  the  cerebrum ;  the  crusta,  on  the  other  hand,  is  entirely  composed  of 
longitudinal  strands  of  fibres  which  are  corticifugal,  or  fibres  which  descend  from 
the  cortex  cerebri. 

On  the  surface  of  the  mesencephalon  the  separation  between  the  tegmental  and 
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pedal  portions  of  the  crus  cerebri  is  clearly  indicated  by  an  inner  and  an  outer  groove. 
The  inner  or  mesial  furrow  is  the  more  distinct  of  the  two.  It  looks  into  the 
interpeduncular  space,  and  from  it  emerge  the  fascicles  of  the  third  or  oculo-motor 
nerve.  It  is,  therefore,  termed  the  sulcus  oculo-motorii  (sulcus  nervi  oculo-motorii). 
The  outer  groove,  which  is  placed  on  the  lateral  aspect  of  the  mesencephalon, 
receives  the  name  of  the  sulcus  lateralis  mesencephali.  When  traced  downwards,  it 
is  observed  to  become  continuous  with  the  furrow  which  intervenes  between  the 
middle  and  superior  peduncles  of  the  cerebellum. 

A  close  inspection  of  the  outer  surface  of  the  tegmental  part  of  the  crus  cerebri, 
below  the  level  of  the  quadrigeminal  brachia,  will  reveal  some  faintly-marked 
bundles  of  fibres  curving  obliquely  upwards  and  backwards  to  reach  the  inferior 
quadrigeminal  body  (Fig.  390,  p.  484).  These  are  fibres  of  the  lateral  fillet,  coming 
to  the  surface  at  the  sulcus  lateralis  and  sweeping  over  the  subjacent  superior 
cerebellar  peduncle  to  gain  the  inferior  quadrigeminal  body. 
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AQUEDUCT  OF  SYLVIUS. 


SULCUS  LATERALrS 


NERVE  SULCUS  OCULOMOTORIUS 

-Diagrammatic  View  of  the  Cut  Surface  of 
Transverse  Section  through  the  Upper  Part 
OF  THE  Mesencephalon. 


When  transverse  sections  are  made  through  the  mesencephalon  the  aqueduct  of 
Sylvius  is  seen  to  be  surrounded  by  a  thick  layer  of  gray  matter,  which  receives  the 
name  of  the  Sylvian  gray  matter  or  the  central  gray  matter  of  the  aqueduct  (stratum 
griseum  centrale).  On  the  dorsal  aspect  of  the  Sylvian  gray  matter  the  corpora 
quadrigemina  form  a  layer  which  separates  it  from  the  surface,  and  to  which  the 
term  lamina  CLuadrigemina  is  applied. 
On  the  ventral  and  lateral  aspects 
of  the  Sylvian  gray  matter  are  the 
tegmental  portions  of  the  crura 
cerebri;  whilst,  intervening  between  LONGITUDINAL 
each  of  the  latter  and  the  corre- 
sponding crusta,  there  is  a  con- 
spicuous mass  of  dark  pigmented 
matter  termed  the  substantia  nigra. 

Sylvian  Aqueduct  and  Sylvian 
Gray  Matter  (aquseductus  cerebri 
— stratum  griseum  centrale). — The 
aqueduct  of  Sylvius  is  the  canal 
which  leads  from  the  fourth  ventricle  J'txj.  429. 
below,  upwards  through  the  mesen- 
cephalon, to  the  third  ventricle  above. 
It  is  not  quite  three-quarters  of  an  inch  in  length,  and  it  lies  much  nearer 
the  dorsal  than  the  ventral  surface  of  the  mesencephalon.  When  examined  in 
transverse  section,  it  presents  a  triangular  outline  as  it  passes  into  the  fourth 
ventricle  and  a  T-shaped  outline  close  to  the  third  ventricle.  In  the  intermediate 
part  of  its  course  it  assumes  different  outlines,  and  not  always  the  same  form  at 
the  same  level  in  different  individuals. 

The  aqueduct  of  Sylvius  is  lined  by  ciliated  epithelium,  and  outside  this  is  the 
thick  layer  of  Sylvian  gray  matter,  which  is  directly  continuous  below  with  the  gray 
matter  spread  out  on  the  floor  of  the  fourth  ventricle,  and  above  with  gray  matter 
on  the  floor  and  sides  of  the  third  ventricle.  Scattered  more  or  less  irregularly 
throughout  the  Sylvian  gray  matter  are  numerous  nerve- cells  of  varying  forms  and 
sizes,  whilst  in  addition  to  these  there  are  three  definite  collections  or  clusters  of 
cells,  which  constitute  the  nuclei  of  origin  of  the  trochlear  nerve,  the  oculo-motor 
nerve,  and  the  mesencephalic  root  of  the  trigeminal  nerve.  The  position  and 
relations  of  these  will  be  given  at  a  later  stage. 

Substantia  Nigra. — When  seen  in  transverse  section,  the  substantia  nigra 
presents  a  semilunar  outline.  It  consists  of  a  mass  of  gray  matter,  in  the  midst  of 
which  are  large  numbers  of  deeply  pigmented  nerve-cells.  It  is  only  when  this 
substance  is  examined  in  bulk  that  it  appears  dark ;  in  thin  sections  it  does  not 
differ  much  in  colour  from  ordinary  gray  matter,  although,  under  the  microscope, 
the  brown -coloured  cells  stand  out  very  conspicuously,  even  under  low  powers. 
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The  substantia  nigra  is  disposed  in  the  form  of  a  thick  layer,  interposed  between 
the  tegmental  and  pedal  portions  of  the  cms  cerebri.  It  begins  below  at  the 
upper  border  of  the  pons  Varolii  and  extends  upwards  into  the  subthalamic 
region.  The  margins  of  this  layer  of  dark-coloured  substance  come  to  the  surface 
at  the  oculo-motor  and  the  lateral  sulci  of  the  mesencephalon,  and  its  inner  part  is 
traversed  by  the  emerging  fascicles  of  the  oculo-motor  nerve.  It  is  not  equally 
thick  throughout.  Towards  the  lateral  sulcus  it  becomes  thin,  whilst  it  thickens 
considerably  near  the  inner  aspect  of  the  crus  cerebri.  The  surface  of  the  sub- 
stantia nigra,  which  is  turned  towards  the  tegmentum,  is  concave  and  uniform ; 
the  opposite  surface  is  convex  and  rendered  irregular  by  the  presence  of  numerous 
slender  prolongations  of  the  substance  into  the  crusta. 

The  morphological  and  physiological  significance  of  the  substantia  nigra  is  not 
fully  understood,  and  the  connexions  established  by  its  cells  are  imperfectly 
known. 

Inferior  Quadrigeminal  Bodies  (colliculi  inferiores). — Each  of  the  inferior 
quadrigeminal  bodies  is  largely  composed  of  a  mass  of  gray  matter  which,  in 
transverse  section,  presents  an  oval  outline  (Fig.  432,  p.  537).  This  central 
nucleus  is,  to  a  large  extent,  encapsulated  by  white  matter.  Numerous  cells  of 
different  sizes  are  scattered  throughout  it,  and  the  whole  mass  is  pervaded  by  an 
intricate  interlacement  of  fine  fibres,  which,  to  a  large  extent,  are  derived  from  the 
lateral  fillet  and  the  inferior  brachium. 

In  transverse  sections,  through  this  region,  the  lateral  fillet  is  seen  to  abut 
against  the  outer  margin  of  the  central  nucleus.  Many  of  the  fibres  of  this  tract 
enter  it  at  once  and  become  dispersed  amongst  its  cells ;  others  sweep  over  its 
dorsal  surface,  so  as  to  give  it  a  superficial  covering ;  whilst  a  third  group  is  carried 
in  the  form  of  a  thin  layer  inwards  on  its  ventral  aspect,  so  as  to  mark  it  off  from 
the  subjacent  Sylvian  gray  matter  of  the  aqueduct  (Fig.  432,  p.  537).  In  this 
manner,  therefore,  the  inferior  quadrigeminal  nucleus  becomes  partially  circum- 
scribed by  the  fibres  of  the  lateral  fillet.  Several  of  the  lateral  fillet  fibres,  which 
proceed  over  the  superficial  or  dorsal  aspect  of  the  nucleus,  reach  the  mesial  plane 
and  form  a  loose  decussation  with  the  corresponding  fibres  of  the  opposite  side. 

The  intimate  connexion  which  is  thus  exhibited  between  the  fibres  of  the  lateral  fillet  and 
the  nucleus  of  the  inferior  quadrigeminal  body  is  very  significant.  It  has  already  been  shown 
that  the  lateral  fillet,  to  a  large  extent,  comes  from  the  nuclei  of  termination  of  the  cochlear 
nerve  of  the  opposite  side,  although  most  of  its  fibres  have  to  pass  through  several  nuclear  inter- 
nodes  before  they  reach  the  inferior  quadrigeminal  body.  We  must  associate,  therefore,  the 
inferior  quadrigeminal  body,  and  also  the  corpus  geniculatum  internum,  which  likewise  receives 
lateral  fillet  fibres,  with  the  organ  of  hearing. 

This  view  of  the  inferior  quadrigeminal  bodies  is  supj^orted  both  by  experimental  and  by 
morphological  evidence.  Speaking  broadly,  it  may  be  stated  that  the  inferior  quadrigeminal 
bodies  are  only  present  as  distinct  eminences  in  mammals,  and  then  they  are  invariably  correlated 
with  a  spirally- wound  and  well-developed  cochlea.  That  they  have  nothing  to  do  with  sight, 
is  shown  by  the  fact  that,  when  the  eyeballs  are  extirpated  in  a  young  animal,  the  inferior 
quadrigeminal  bodies  remain  unaff'ected,  whilst  the  superior  quadrigeminal  bodies  after  a  time 
atrophy  (Gudden).  When,  on  the  other  hand,  the  cochlear  terminal  nuclei  are  destroyed,  fibres 
which  have  undergone  atrophy  may  be  followed  to  the  inferior  quadrigeminal  bodies  of  both 
sides,  but  particularly  to  that  of  the  opposite  side  (Baginski,  Bumm,  and  Ferrier  and  Turner).  A 
very  considerable  tract  of  ascending  fibres  takes  origin  within  the  inferior  quadrigeminal  body 
and  passes  upwards,  in  the  inferior  brachium,  into  the  tegmentum  subjacent  to  the  internal  geni- 
culate body.  Within  the  tegmentum  they  proceed  up  to  the  optic  thalamus  (Ferrier  and 
Turner). 

Superior  Quadrigeminal  Bodies  (colliculi  superiores). — The  superior  quadri- 
geminal body  presents  a  more  complicated  structure  (Fig.  431).  Superficially,  it  is 
coated  with  a  very  thin  layer  of  white  matter,  which  is  termed  the  stratum  zonale. 
Underneath  this  there  is  a  gray  nucleus,  called  the  stratum  cinereum,  which  in 
transverse  section  exhibits  a  crescentic  outline  and  rests  in  a  cap-like  manner  upon 
the  subjacent  part  of  the  eminence  The  succeeding  two  strata,  which  respectively 
receive  the  names  of  stratum  opticum  and  the  stratum  lemnisci,  present  this  feature 
in  common,  that  they  are  composed  of  gray  matter,  traversed  by  numerous  fibres. 
The  source  from  which  the  fibres  are  derived  differs,  however,  in  each  case. 

Nerve-fibres  reach  the  superior  quadrigeminal  body  through — (1)  the  lateral 
and  mesial  fillets,  and  (2)  through  the  superior  brachium.    The  fillet  fibres  enter 
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the  stratum  lemnisci,  and,  in  all  probability,  end  there.  The  superior  brachium 
contains  fibres  of  two  different  kinds,  viz.  fibres  from  the  optic  tract  and  fibres  I'rom 
the  cortex  of  the  occipital  lobe  of  the  cerebrum.  By  the  former  it  is  connected 
with  the  retina,  and  by  the  latter  with  the  visual  centre  in  the  occipital  region  of 
the  cerebral  cortex.  The  retinal  fibres,  for  the  most  part,  spread  out  on  the  surface 
of  the  quadrigeminal  body  and  form  the  stratum  zonale.  Most  of  them  dip  down 
into  the  substance  of  the  body  and  end  in  connexion  with  the  cells  of  the  deeper 
layers ;  several,  however,  are  carried  across  the  mesial  plane,  to  end  in  the  superior 
quadrigeminal  body  of  the  opposite  side.  The  occipital  fibres,  and  probably  also 
some  of  the  retinal  fibres,  enter  the  stratum  opticum.  The  fibres  from  the  occipital 
cortex  form  part  of  the  optic  radiation,  and  the  course  which  they  pursue  will  be 
dealt  with  later  on. 

Tegmental  Portions  of  the  Crura  Cerebri  (tegmenta). — The  tegmentum  of 
the  crus  cerebri  may  be  regarded  as  the  continuation  upwards  of  the  formatio 
reticularis  of  the  medulla 
and  the  dorsal  or  tegmental 
portion  of  the  pons  into 
the  mesencephalon.  It 
therefore  consists  of  fine 
bundles  of  longitudinal 
fibres  intersected  by  arch- 
ing fibres,  which  take  a 
transverse  and  curved 
course.  The  interstices 
between  these  nerve- 
bundles  is  occupied  by 
gray  matter  containing  ir- 
regularly scattered  nerve- 
cells.  On  its  dorsal  aspect 
the  tegmentum  is  con- 
tinuous, at  the  side  of  the 
Sylvian  gray  matter,  with 
the  bases  of  the  corpora 
quadrigemina,  whilst  ven- 
trally  it  is  separated  from 
the  •  crusta  by  the  sub- 
stantia nigra.  The  two 
tegmenta  of  opposite  sides 
are,  to  some  extent,  marked 
off  from  each  other  in  the 
mesial  plane  by  a  pro- 
longation upwards  of  the 
median  raphe  of  the  pons 
and  medulla,  although,  in  the  lower  part  of  the  mesencephalon,  this  is  much 
obscured  by  the  decussation  of  the  superior  peduncles  of  the  cerebellum.  The  two 
longitudinal  strands,  termed  the  posterior  longitudinal  bundle  and  the  fillet,  are 
prolonged  upwards  throughout  the  entire  length  of  the  mesencephalon  ;  and  they 
present  the  same  relations  to  the  tegmentum  as  in  the  lower  parts  of  the  brain. 
The  former  is  placed  in  relation  to  its  dorsal  aspect,  whilst  the  fillet  is  carried  up 
in  its  ventral  part. 

The  tegmentum  of  the  crus  cerebri  may  be  considered  as  presenting  two  parts  : 
viz.  (1)  a  lower  part,  which  is  placed  subjacent  to  the  inferior  quadrigeminal  bodies 
and  which  is  largely  occupied  by  the  decussation  of  the  superior  cerebellar  peduncles 
(Fig.  430) ;  and  (2)  a  superior  part,  subjacent  to  the  superior  quadrigeminal 
bodies,  which  is  traversed  by  the  emerging  bundles  of  the  third  nerve  and  which 
contains  a  large  and  striking  nuclear  mass,  termed  the  nucleus  ruber  or  the  red  teg- 
mental nucleus  (Fig.  431).  In  the  lower  part  of  the  mesencephalon  is  the  nucleus 
of  the  fourth  nerve  ;  in  the  upper  part,  the  nucleus  of  the  third  nerve. 

Superior  Cerebellar  Peduncles  (brachia  conjunctiva). — As  the  superior  cere- 
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Fig.  4-30. — Transverse  Section  through  the  Human  Mescencephalon 
AT  THE  Level  of  the  Inferior  Quadrigeminal  Body. 


536 


THE  NEEYOUS  SYSTEM. 


bellar  peduncles  leave  the  pons  and  sink  into  the  tegmenta  of  the  mesencephalon, 
they  undergo  a  complete  decussation  subjacent  to  the  inferior  quadrigeminal  bodies 
and  the  Sylvian  gray  matter  (Figs.  407,  p.  505  ;  432,  p.  537  ;  and  430,  p.  635). 
In  this  manner  each  peduncle  is  transferred  from  one  side,  across  the  mesial 
plane,  to  the  opposite  side.  The  decussation  is  completed  at  the  level  of 
the  upper  borders  of  the  inferior  quadrigeminal  bodies,  and  then  each  peduncle 
proceeds  upwards  into  the  superior  part  of  the  tegmentum,  where  it  encounters 
the  red  nucleus.  Into  this  a  large  proportion  of  its  fibres  plunge  and  come  to  an 
end  in  connexion  with  the  nuclear  cells.  Many  of  the  peduncular  fibres,  how- 
CA^er,  are  carried  around  the  nucleus  so  as  to  form  for  it  a  capsule  which  is  thicker 
on  the  inner  than  on  the  outer  side  (Fig.  431).  These  are  prolonged  into  the 
subthalamic  region,  and  ultimately  penetrate  the  ventral  aspect  of  the  optic  thala- 
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Fig.  431. — Transverse  Section  through  the  Human  Mesencephalon  at  the  Level  of  the  Superior 

Quadrigeminal  Body. 

mus,  where  they  end  in  connexion  with  the  thalamic  cells.  The  superior  cerebellar 
peduncle  is,  therefore,  a  great  efferent  tract  which  issues  from  the  lateral 
hemisphere  of  the  cerebellum,  crosses  the  mesial  plane  in  the  lower  part  of  the 
mesencephalon,  and  ends  in  the  red  nucleus  and  the  ventral  part  of  the  optic 
thalamus. 

Red  Nucleus  (nucleus  ruber). — This  is  a  rounded  nuclear  mass,  of  a  reddish 
tint  in  the  fresh  brain,  which  lies  in  the  upper  part  of  the  tegmentum,  and  in  the 
path  of  the  superior  cerebellar  peduncle.  In  transverse  section  it  presents  a  circular 
outline.  It  begins  at  the  level  of  the  lower  border  of  the  superior  quadrigeminal 
body  and  it  extends  upwards  into  the  subthalamic  tegmental  region.  At  first  it  is 
small  and  is  placed  at  a  little  distance  from  the  mesial  plane  ;  but  as  it  proceeds 
towards  the  subthalamic  region,  it  increases  in  bulk  and  approaches  more  nearly 
to  the  mesial  raphe,  and  its  neighbour  of  the  opposite  side.  The  curved  emerging 
bundles  of  the  third  nerve  pass  through  it  on  their  way  to  the  surface.  The 
relation  which  the  fibres  of  the  opposite  superior  cerebellar  peduncle  present  to  it 
has  been  described.  These  fibres  traverse  its  lower  part  in  such  numbers  that  in 
Weigert-Pal  specimens  it  presents  a  very  dark  colour ;  but  higher  up,  as  the  fibres 
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are  gradually  absorbed  by  the  nuclear  mass,  they  become  less  numerous  in  its 
midst,  and  the  nucleus  assumes  a  paler  tint. 

Numerous  fibres  which  descend  from  the  cerebral  cortex  and  others  from  the  corpus  striatum 
enter  the  red  nucleus.  It  likewise  sends  out  fibres  which  proceed  in  two  directions  :  (1)  upwards 
into  the  thalamus ;  (2)  downwards  to  the  spinal  cord.  The  former  may  be  regarded  as  carrying 
on  the  continuity  of  the  superior  cerebellar  path  after  its  internodal  interruption  in  the  red 
nucleus.  The  fibres  to  the  spinal  cord,  called  the  rubrospinal  tract  and  first  described  by 
Monakow,  cross  to  the  opposite  side  and  then  descend  in  the  tegmentum  to  reach  the  lateral 
column  of  the  cord. 

Posterior  Longitudinal  Fasciculus. — This  is  a  very  conspicuous  tract  of  longi- 
tudinal fibres  which  extends  throughout  the  whole  length  of  the  medulla,  pons,  and 
mesencephalon,  in  the  formatio  reticularis  or  tegmental  part  of  each.  Below,  at  the 
level  of  the  decussation  of  the  pyramids,  it  becomes  continuous  with  the  anterior 
basis-bundle  of  the  spinal  cord  (p.  491),  whilst,  by  its  opposite  or  upper  end,  it 
establishes  intricate  connexions  in 
the  region  immediately  above  the 
mesencephalon.  Throughout  its 
whole  length  it  lies  close  to  the 
mesial  plane  and  its  fellow  of  the 
opposite  side.  In  the  mesen- 
cephalon it  is  applied  to  the 
ventral  aspect  of  the  Sylvian  gray 
matter,  whilst  in  the  pons  and 
medulla  it  is  situated  immediately 
subjacent  to  the  gray  matter  of  the 
floor  of  the  fourth  ventricle.  One 
of  its  most  salient  features  is  the 
intimate  association  which  it  pre- 
sents with  the  three  motor  nuclei 
from  which  the  nerves  for  the 
supply  of  the  muscles  of  the  eye- 
ball take  origin,  viz.  the  oculo-motor 
or  third  nucleus,  the  trochlear  or 
fourth  nucleus,  and  the  abducent 
or  sixth  nucleus.  The  first  two  of 
these  are  closely  applied  to  its  inner 
and  dorsal  aspect,  whilst  the  ab- 
ducent nucleus  is  placed  on  its 
outer  side.  Into  each  of  these  nuclei  it  sends  many  collaterals,  and  probably  also 
some  of  its  constituent  fibres,  and  these  end  in  terminal  arborisations  around  the 
nuclear  cells.  It  would  appear,  therefore,  that  one  of  the  most  important  functions 
of  this  strand  is  to  bind  together  these  nuclei,  and  thus  enable  them  to  act  in 
harmony  with  each  other.  Fibres  also  enter  the  posterior  longitudinal  fasciculus 
from  the  auditory  system  and  perhaps,  also,  from  the  facial  and  other  motor 
nuclei.  The  results  obtained  by  degeneration  would  seem  to  indicate  that,  to  a 
large  extent,  it  is  formed  of  fibres  which  run  a  short  course  within  it. 

In  spite  of  the  large  amount  of  attention  which  has  been  given  to  the  study  of  the  posterior 
longitudinal  bundle,  it  must  be  admitted  that  there  is  little  unanimity  of  opinion  regarding  its 
connexions  and  functions.  That  it  is  a  brain  tract  of  high  importance,  is  evident  from  the  fact 
that  it  is  present  in  all  vertebrates,  and,  further,  that  its  fibres  assume  their  medullary  sheaths 
at  an  extremely  early  period.  In  fish,  amphibians,  and  reptiles,  it  is  one  of  the  most  j)owerful 
bundles  of  the  medulla.  In  man  its  fibres  meduUate  between  the  sixth  and  seventh  months  of 
fcEtal  life,  and  at  the  same  time  as  the  fibres  of  the  anterior  basis-bundTe^oTthe  cord,  with  which 
it  stands  in"  connexion. 

According  to  Van  Gehuchten  and  Edinger,  it  extends  upwards  beyond  the  level  of  the 
oculo-motor  nucleus,  and  in  the  subthalamic  region  its  fibres  take  origin  from  a  sj)ecial  nucleus  of 
its  own  in  the  gray  matter  of  the  third  ventricle,  immediately  below  the  level  of  the  corpora 
mammillaria.  Fibres  also  enter  the  posterior  longitudinal  bundle  from  a  nucleus  common  to  it 
and  the  posterior  commissure  of  the  brain.  This  nucleus  is  placed  in  the  fore-23art  of  the  Sylvian 
gray  matter  of  the  mid-brain.  Held  asserts  that  numerous  fibres,  arising  from  cells  in  the  superior 
quadrigeminal  body,  curve  in  an  arcuate  manner  in  the  tegmentum  outside  the  Sylvian  gray 
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432. — Section  through  the  inferior  Quadrigeminal 
Body  and  the  Tegmentum  op  the  Mesencephalon 
below  the  Level  of  the  Nucleus  of  the  Fourth 
Nerve  in  the  Orang.  (The  decussation  of  the  superior 
cereliellar  peduncles  and  the  course  of  the  fourth  nerve 
in  the  Sylvian  gray  matter  are  seen. ) 
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matter,  to  take  jDart  on  the  ventral  aspect  of  tliis  in  what  is  called  the  "  fountain  decussation." 
Reaching  the  opposite  side  these  fibres  turn  downwards  and  join  the  posterior  longitudinal 
fasciculus.     The  same  authority  considers  that  fibres  from  the  ventral  part  of  the  posterior 

commissure  can  also  l^e  traced  down- 
wards into  the  posterior  longitudinal 
bundle.  Edinger,  on  the  other  hand, 
places  these  fibres  as  a  distinct  tract  on 
the  ventral  and  lateral  asj)ect  of  the 
posterior  longitudinal  bundle,  although 
in  apposition  with  it. 

Mendel  believes  that  fibres  from  the 
oculo-motor  nucleus  are  carried  down  in 
the  posterior  longitudinal  bundle,  and, 
from  this,  into  the  facial  nerve  for  the 
supply  of  the  orbicularis  palj^ebrarum 
and  the  corrugator  supercilii,  bringing 
these  muscles  therefore  under  the  control 
of  the  same  nucleus  as  the  levator  palpe- 
brae  sujDerioris  muscle.  This  view  has 
received  corroboration  at  the  hands  of 
Tooth  and  Turner.  It  has  been  further 
suggested  that  fibres  from  the  hypoglossal 
nucleus  may,  by  the  posterior  longitudinal 
fasciculus,  reach  the  facial  nerve,  and 
through  it  the  orbicularis  oris.  In  this 
manner  the  same  nucleus  would  hold 
Fig.  433.— Section  through  the  inferior  Quadrigeminal  sway  over  the  tongue  and  the  sj)hincter 
Body  and  the  Tegmentum  of  the  Mesencephalon,  muscle  of  the  lips.  The  close  relation 
at  a  slightly  Lower  Level  than  Fig.  432.  which  exists  between  the  ascending  part 

of  the  intrapontine  portion  of  the  facial 
nerve  and  the  posterior  longitudinal  bundle  would  render  the  passage  of  fibres  from  one  to  the 
other  a  matter  which  could  easily  be  understood.  Another  interchange  of  fibres  through  the 
posterior  longitudinal  bundle  has  been  described  by  Duval  and  Laborde.  According  to  these 
authorities,  fibres  from  the  abducent  nucleus  ascend  in  the 
posterior  longitudinal  bundle  into  the  mesencephalon,  and 
establish  connexions  with  that  part  of  the  oculo-motor  nucleus 
from  which  the  nerve  for  the  internal  rectus  of  the  oj^posite 
side  derives  its  fibres.  If  this  view  be  correct,  it  affords  a 
ready  and  simple  anatomical  explanation  of  the  harmonious 
action  of  the  external  and  internal  recti  muscles  in  producing 
movements  of  the  two  eyeballs  simultaneously  to  the  right  and 
to  the  left.  From  the  investigations  of  E.  H.  Eraser  it  would 
appear  that  no  fibres  from  the  abducent  nucleus  go  directly  into 
the  oculo-motor  nerve.  The  same  observer  has  shown  that 
many  fibres  from  Deiters'  nucleus,  through  the  path  aftbrded 
by  the  posterior  longitudinal  bundle,  enter  the  third  and  the 
fourth  nuclei. 


Lateral  Fillet  (lemniscus  lateralis). — The  lateral 
fillet  is  a  definite  tract  of  longitudinal  fibres,  which 
extends  upwards  through  the  lateral  part  of  the  teg- 
mental substance  of  the  upper  portion  of  the  pons  and 
the  mesencephalon.  It  is  formed  by  the  fibres  of  the 
corpus  trapezoides  in  the  lower  part  of  the  pons, 
abruptly  turning  upwards  and  taking  a  course  towards 
the  quadrigeminal  region.  Entering  into  its  constitu- 
tion, therefore,  are  fibres  from  several  sources,  viz.  (1) 
from  the  terminal  cochlear  nuclei  of  the  opposite 
side ;  (2)  from  the  terminal  cochlear  nuclei  of  the  fig.  434.— Diagram  of  the  Con- 
same  side ;  (3)  from  the  superior  olivary  nuclei.  As  nexions  of  the  Posterior 
the  tract  proceeds  upwards  a  continuation  of  the 
gray  matter  of  the  superior  olivary  nucleus  is  carried 
up  in  connexion  with  it  to  form  the  nucleus  of  the  lateral  fillet,  and  from  this 
fibres  are  also  added  to  the  strand.  In  the  mesencephalon  the  fibres  of  the 
lateral  fillet  end  in  the  nucleus  of  the  inferior  quadrigeminal  body  (p.  534)  and 
in  the  gray  substance  of  the  corpus  geniculatum  internum,  whilst  a  few  are 
carried  into  the  superior  quadrigeminal  body.  The  fibres  which  go  to  the  inferior 
quadrigeminal  body  sweep  outwards  round  the  outer  side  of  the  superior  cere- 
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bellar  peduncle,  and  to  some  extent  appear  on  the  surface  of  the  mesencephalon 
(p.  533). 

But  the  lateral  fillet  cannot  be  considered  as  a  tract  comjoosed  entirely  of  ascending  fibres 
belonging  to  the  auditory  system.  It  also  contains  descending  fibres,  the  connexions  and 
functions  of  which  are  not  fully  understood.  These  have  been  traced  by  Ferrier  and  Turner 
through  the  pons  and  medulla  into  the  lateral  column  of  the  cord. 

Mesial  Fillet  (lemniscus  mesialis). — The  mesial  fillet  has  already  been  followed 
through  the  medulla  and  pons,  and  its  position  in  each  of  these  portions  of  the 
brain-stem  has  been  defined  (pp.  493  and  504).  In  the  tegmentum  of  the  lower 
part  of  the  mesencephalon  it  is  carried  up  in  the  form  of  a  more  or  less  flattened 
band  on  the  ventral  aspect  of  the  decussating  superior  cerebellar  peduncles.  To 
its  outer  side,  and  forming  an  angle  with  it  (as  seen  in  transverse  section),  is  the 
lateral  fillet  (Figs.  432  and  433),  and  at  this  level  there  is  no  clear  demarcation 
between  these  two  tracts.  In  the 
upper  part  of  the  mesencephalon  the 
appearance  of  the  red  nucleus  in  the 
tegmentum  causes  the  mesial  fillet  to 
take  up  a  more  lateral  and  dorsal 
position,  so  that  it  now  comes  to  lie 
subjacent  to  the  corpus  geniculatum 
internum  (Fig.  431,  p.  536).  At  this 
level  it  exhibits  a  crescentic  outline 
in  transverse  section,  and  the  lateral 
fillet  has  to  a  large  extent  disappeared 
from  its  outer  side. 

The  mesial  fillet  takes  origin  in 
the  lower  part  of  the  medulla  ob- 
longata from  the  gracile  and  cuneate 
nuclei  of  the  opposite  side  fp.  493). 
Seeing  that  the  posterior  column  of 
the  cord  ends  in  these  nuclei,  the  fillet 
may  be  considered  to  continue  that 
column  upwards  into  the  brain.  In 
the  mesencephalon  a  considerable  con- 
tribution of  fibres  is  given  by  the  mesial 
fillet  to  the  superior  quadrigeminal 
body,  and  then  the  remainder  of  the 
tract  proceeds  through  the  subthalamic 
tegmental  region  into  the  hinder  part 
of  the  lateral  nucleus  of  the  optic 
thalamus.  Here  its  fibres  end  in  ter- 
minal arborisations  around  the  thala- 
mic cells. 
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Fig,  435. — Diagram  of  the  Connexions  of 
Mesial  Fillet  and  also  op  certain  of 
Thalamo-cortical  Fibres. 

Ganglion  Interpedunculare  and  Fasci- 
culus Retroflexus. — On  the  ventral  aspect  of  the  tegmentum,  close  to  the  surface  and  to  the 
mesial  plane,  there  is  a  small  group  of  cells  in  the  lower  part  of  the  gray  matter  which  forms 
the  locus  perforatus  posticus.    This  is  termed  the  ganglion  interpedunculare. 

The  fasciculus  retroflexus  is  a  small  band  of  fibres  which  arises  above  in  the 
habenulse — a  nuclear  mass  which  will  be  studied  in  connexion  with  the  diencephalon — and 
which  runs  downwards  and  forwards  in  the  tegmentum  of  the  upper  part  of  the  mesencephalon 
between  the  inner  aspect  of  the  nucleus  ruber  and  the  mesial  plane,  to  end  in  the  ganglion 
interpedunculare. 

Fountain  Decussation. — If  the  region  in  front  of  the  jDOsterior  longitudinal  bundles  be 
examined  in  the  upper  part  of  the  mesencephalon  a  very  close  decussation  of  fibres  in  the  mesial 
plane  will  be  observed  in  the  interval  between  the  two  red  nuclei.  This  is  the  "fountain 
decussation."  According  to  Held,  the  fibres  which  take  part  in  the  dorsal  portion  of  the 
fountain  decussation  (decussation  of  Meynert)  come  from  the  superior  quadrigeminal  bodies,  and, 
after  they  have  gained  the  opposite  side,  they  turn  downwards  in  the  posterior  longitudinal 
fasciculus.  The  ventral  j)art  of  the  decussation  (decussation  of  Forel)  would  appear  to  be  formed 
by  arcuate  fibres  of  the  tegmentum  which  arise  in  the  gray  matter  of  the  Sylvian  aqueduct. 

Crusta  or  Pes  of  the  Crus  Cerebri  (basis  pedunculi). — The  crusta  presents  a 
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somewhat  crescentic  outline  when  seen  in  section,  and  it  stands  quite  apart  from 
its  fellow  of  the  opposite  side.  It  is  composed  of  a  compact  mass  of  longitudinally 
directed  fibres,  all  of  which,  as  Dejerine  has  shown,  arise  in  the  cortex  of  the 
cerebrum  and  pursue  an  unbroken  corticifugal  course  into  and  through  the  crusta 
of  the  crus  cerebri.  These  fibres  may  be  classified  into  two  distinct  sets,  viz. 
cortico-pontine  and  pyramidal. 

The  cortico-pontine  fibres  possess  this  leading  peculiarity :  in  their  course  down- 
wards they  are  all  arrested  in  the  ventral  part  of  the  pons  Varolii  and  end  in 
fine  terminal  arborisations  around  the  cells  of  the  nucleus  pontis.  They  come  from 
certain  well-defined  areas  of  cerebral  cortex,  viz.  (1)  the  cortex  of  the  prefrontal 
part  of  the  frontal  lobe,  and  (2)  the  cortex  of  the  middle  portion  of  the  temporal 
lobe.  These  tracts  would  appear  to  hold  a  very  definite  position  within  the  crus. 
Thus  it  has  been  satisfactorily  established  that  the  temporo-pontine  strand  forms  the 
outer  or  lateral  fifth  of  the  crusta,  whilst  the  researches  of  Ferrier  and  Turner 
render  it  more  than  likely  that  the  fr  onto -pontine  strand  holds  a  similar  position 
in  the  inner  or  mesial  part  of  the  crusta. 

The  pyramidal  fibres  constitute  the  great  motor  tract  from  the  cerebral  cortex. 
They  occupy  a  position  corresponding  to  the  middle  three-fifths  of  the  crusta. 
The  pyramidal  tract  differs  from  the  cortico-pontine  strands  in  being  carried 
downwards  through  the  ventral  part  of  the  pons  and  on  the  ventral  aspect  of  the 
medulla  into  the  cord,  which  it  enters  in  the  form  of  the  crossed  and  direct 
pyramidal  tracts.  On  its  way  through  the  pons  and  medulla  it  sends  fibres  to  the 
various  motor  nuclei  in  those  sections  of  the  brain-stem. 


Deep  Origin  of  the  Cranial  Nerves  which  arise  within  the 

Mesencephalon. 

Two  of  the  motor  cranial  nerves,  viz.  the  oculo-motor  and  the  trochlear  nerves, 
as  well  as  the  mesencephalic  root  of  the  trigeminal  nerve,  obtain  origin  within  the 

mesencephalon.  The  nuclei 
from  which  they  spring  are 
all  situated  within  the  gray 
matter  of  the  Sylvian  aque- 
duct. 

Mesencephalic  Root  of  the 
Trigeminal  Nerve  (radix  de- 
scendens).  —  The  fibres  of  this 
root  arise  from  a  column  of 
large,  sparsely -arranged  cells, 
which  extends  throughout  the 
entire  length  of  the  mesen- 
cephalon. These  cells  lie  in 
the  outer  part  of  the  Sylvian 
gray  matter,  close  to  the  teg- 
mentum. The  axons  which 
emerge  from  the  cells  run 
downwards  close  to  the  outer 
surface  of  the  Sylvian  gray 
matter  in  the  form  of  a  small, 
gradually-increasing  tract.  In 
the  lower  part  of  the  mesen- 
FiG.  436. — Section  through  the  Inferior  Quadrigeminal  Body  cephalon  this  tract  assumes  a 
AND  the  Tegmentum  op  the  Mesencephalon  at  the  Level  crescentic  outline  and  ulti- 
mately comes  to  lie  on  the  inner 
aspect  of  the  superior  cerebellar 
peduncle  (Fig.  406,  p.  504).  The  further  course  of  the  mesencephalic  root  of  the 
fifth  nerve  through  the  upper  part  of  the  pons,  to  the  point  where  it  joins  the 
emerging  motor  root  of  the  trigeminal  nerve,  has  already  been  traced  (p.  526). 
Trochlear  or  Fourth  Nerve  (nervus  trochlearis). — The  trochlear  nerve  supplies 
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the  superior  oblique  muscle  of  the  eyeball.  It  emerges  from  the  brain,  on  its 
dorsal  aspect,  at  the  upper  part  of  the  superior  medullary  velum,  immediately 
below  the  lower  border  of  the  inferior  quadrigeminal  body  (Fig.  438,  p  543).  The 
nucleus  from  which  it  arises  is  a  small  oval  mass  of  gray  matter,  placed  in  the 
ventral  part  of  the  Sylvian  gray  matter  at  the  level  of  the  upper  part  of  the 
inferior  quadrigeminal  body.  The  close  association  of  this  nucleus  with  the 
posterior  longitudinal  bundle  has  already  been  alluded  to.  It  is  sunk  deeply  in  a 
bay,  which  is  hollowed  out  on  the  dorsal  and  inner  aspect  of  that  tract.  The 
nerve  has  a  course  of  some  length  within  the  mesencephalon.  The  axons  of  the 
cells  leave  the  outer  aspect  of  the  nuclear  mass,  and  curve  backwards  and  outwards 
in  the  Sylvian  gray  matter  until  they  reach  the  concave  inner  surface  of  the 
mesencephalic  root  of  the  trigeminal  nerve.  Here  they  are  gathered  together  into 
one  or  two  round  bundles,  which,  bending  sharply,  turn  downwards  at  a  right 
angle  and  descend  on  the  inner  side  of  the  trigeminal  root.  When  the  region 
below  the  inferior  quadrigeminal  body  is  reached,  the  nerve  makes  another  sharp 
bend.  This  time  it  turns  inwards,  enters  the  upper  end  of  the  superior  medullary 
velum,  in  which  it  decussates  with  its  fellow  of  the  opposite  side.  Having  thus 
crossed  the  mesial  plane,  the  trochlear  nerve  emerges  at  the  inner  border  of  the 
superior  cerebellar  peduncle.  The  course  pursued  by  the  fourth  nerve  within  the 
Sylvian  gray  matter  may  be  traced  by  examining  in  succession  Fig.  437 ;  Fig.  432, 
p.  537 ;  Fig.  433,  p.  538 ;  and  Fig.  407,  p.  505. 

Oculo-motor  or  Third  Nerve  (nervus  oculo-motorius). — The  oculo-motor  nerve 
supplies  the  levator  palpebrse  superioris,  all  the  ocular  muscles,  with  the  exception 
of  the  superior  oblique  and 
the  external  rectus,  and  also 
two  muscles  within  the  eyeball, 
viz.  the  sphincter  iridis  and 
the  musculus  ciliaris.  The 
nucleus  of  origin  is  placed  in 
the  ventral  part  of  the  Sylvian 
gray  matter  subjacent  to  the 
superior  quadrigeminal  body 
(Fig.  431,  p.  536).  In  length 
it  measures  from  5  to  6  mm. 
Its  lower  end  is  partially  con- 
tinuous with  the  nucleus  of 
the  trochlear  nerve,  whilst  its 
upper  end  extends  upwards  for 
a  short  distance  beyond  the 
mesencephalon  into  the  gray 
matter  on  the  lateral  wall  of 
the  third  ventricle.  Its  relation 
to  the  posterior  longitudinal 
bundle  is  even  more  intimate 
than  that  of  the  trochlear  fk 
nucleus.  It  is  closely  applied 
to  the  dorsal  and  inner  aspect 
of  this  strand;  many  of  its 
cells  occupy  a  position  in  the  intervals  between  the  nerve  -  bundles  of  the 
tract,  and  some  even  are  seen  on  its  ventral  or  tegmental  aspect.  The  axons  of 
the  nuclear  cells  leave  the  nucleus  in  numerous  bundles,  which  describe  a  series 
of  curves  as  they  proceed  forwards  through  the  posterior  longitudinal  bundle,  the 
tegmentum,  red  nucleus,  and  inner  margin  of  the  substantia  nigra,  to  finally  emerge 
from  the  brain-stem  along  the  bottom  of  the  sulcus  oculo-motorius  on  the  inner 
aspect  of  the  crus  cerebri. 

The  cells  of  the  oculo-motor  nucleus  are  not  uniformly  distributed  throughout  it.  Tliey  are 
grouped  into  several  more  or  less  distinct  collections  or  clumps,  some  of  which  possess  cells  which 
differ  in  size  and  appearance  from  the  others.  These  cell-clusters  are  very  generally  believed  to 
possess  a  definite  relation  to  the  several  branches  of  the  nerve  and  the  muscles  which  they 
supply.    Perlia  recognises  no  less  than  seven  such  cell-clusters  in  each  nucleus,  with  a  small 
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437.— Section  through  the  Inferior  Quadrigeminal  Body 
AND  THE  Tegmentum  of  the  Mesencephalon  at  the 
Level  of  the  Lower  Part  of  the  Nucleus  of  the  Troch- 
lear Nerve  (Orang). 
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median  nucleus  placed  accurately  on  tlie  middle  line,  and  from  Avhich  fibres  for  botli  nerves 
spring.  Whilst  tlie  majority  of  the  fibres  in  the  oculo-motor  nerve  arise  from  the  cell-groups 
which  lie  on  its  own  side  of  the  mesial  plane,  it  has  been  satisfactorily  established  that  a  certain 
proportion  of  its  fibres  are  derived  from  the  nucleus  of  the  opposite  side,  thus  forming  a  crossed 
connexion  and  giving  rise  to  a  median  decussation.  These  crossed  fibres  are  supposed  by  some 
to  suj)ply  the  internal  rectus  muscle  ;  and  we  have  seen  that  there  is  reason  to  believe  that  the 
part  of  the  nucleus  from  which  these  fibres  are  derived  stands  in  connexion  through  the  posterior 
longitudinal  fasciculus  with  the  abducent  or  sixth  nucleus  from  which  jDroceeds  the  nerve  of 
supply  for  the  external  rectus  muscle.  The  harmonious  action  of  the  internal  and  external  recti 
in  producing  the  conjugate  movements  of  the  eyeballs  is  thus  explained. 

The  oculo-motor  nucleus  is  connected — (1)  with  the  occi]3itai  part  of  the  cerebral  cortex  by 
fibres  which  reach  it  through  the  optic  radiation  ;  (2)  with  the  trochlear  and  abducent  nuclei 
(and  probably  with  other  nuclei)  by  fibres  which  come  to  it  through  the  posterior  longitudinal 
bundle  ;  (3)  possibly  with  the  facial  nerve  by  fibres  which  pass  out  from  it  into  the  posterior 
longitudinal  bundle  (p.  538) ;  (4)  with  the  visual  system  by  fibres  which  enter  it  from  the  cells  of 
the  superior  quadrigeminal  body. 

Development  of  the  Mesencephalon. 

Even  in  the  early  embryo  the  mesencephalon  constitutes  the  smallest  section  of  the 
brain-tube,  although  the  disproportion  in  size  between  it  and  the  other  primitive  sub- 
divisions of  the  brain  is  not  nearly  so  marked  as  in  the  adult.  Owing  to  the  cephalic 
flexure,  the  mid-brain  for  a  time  occupies  the  highest  part  of  the  summit  of  the  head. 
Later  on  it  becomes  completely  covered  over  by  the  expanding  cerebral  hemispheres. 

The  corpora  quadrigemina  are  derived  from  the  alar  laminae  of  the  lateral  walls  of  the 
brain-tube,  whilst  the  basal  laminae  thicken  and  ultimately  form  the  tegmenta  and  crustte 
of  the  two  crura  cerebri.  The  original  cavity  of  the  mid-brain  is  retained  as  the  aqueduct 
of  Sylvius. 

For  a  considerable  time  the  cavity  of  the  mesencephalon  remains  relatively  large,  and 
the  lower  part  of  its  dorsal  wall  is  carried  downwards  in  the  form  of  a  diverticulum  or 
recess,  which  overlaps  the  cerebellar  plate.  About  this  time,  also,  the  dorsal  wall  shows  a 
median  fold  or  ridge.  Both  of  these  conditions  are  transitory.  As  the  corpora  quadri- 
gemina take  shape,  the  median  ridge  disappears  and  is  replaced  by  the  median  longitudinal 
groove,  which  separates  the  quadrigeminal  bodies.  Only  its  lower  part  is  retained,  and  this 
is  represented  by  the  frenulum  veli  of  the  adult  brain.  The  diverticulum  of  the  cavity 
gradually  becomes  reduced,  and  finally  disappears  as  the  aqueduct  assumes  form. 

EOEE-BEAIK 

Parts  derived  from  the  Diencephalon. 

Under  this  heading  we  have  to  consider :  (1)  the  thalamus  ;  (2)  the  epithalamus, 
which  comprises  the  pineal  body  and  the  habenular  region ;  (3)  the  metathalamus, 
or  the  corpora  geniculata  ;  and  (4)  the  hypothalamus. 

The  hypothalamus  consists  of  two  portions,  viz.  the  pars  mammillaris  hypothalami, 
which  comprises  the  corpus  mammillare  and  the  portion  of  the  central  gray  matter 
which  forms  the  floor  of  the  third  ventricle  in  its  immediate  vicinity ;  and  the  pars 
optica  hypothalami,  which  embraces  the  tuber  cinereum,  the  infundibulum,  the 
pituitary  body,  and  the  lamina  cinerea.  Strictly  speaking,  the  optic  part  of  the 
hypothalamus  does  not  belong  to  the  diencephalon,  but  it  is  convenient  to  study 
the  parts  which  it  represents  at  this  stage.  It  is  also  convenient  to  examine,  at 
the  same  time,  the  subthalamic  tegmental  region,  although  a  very  considerable  part  of 
this  is  apparently  developed  in  connexion  with  the  mesencephalon. 

The  original  cavity  of  that  part  of  the  brain-tube  which  forms  the  diencephalon 
is  represented  by  the  greater  part  of  the  third  ventricle  of  the  brain. 

Optic  Thalamus  (thalamus). — The  optic  thalamus  is  the  principal  object  in 
this  section  of  the  brain  (Fig.  438).  It  is  a  large  ovoid  mass  of  gray  matter,  which 
lies  obliquely  across  the  path  of  the  crus  cerebri  as  it  ascends  into  the  cerebrum. 
The  smaller  anterior  end  of  the  thalamus  lies  close  to  the  mesial  plane,  and  is  only 
separated  from  the  corresponding  part  of  the  opposite  side  by  a  very  narrow 
interval.  The  enlarged  posterior  ends  of  the  two  thalami  are  placed  more  widely 
apart,  and  in  the  interval  between  them  the  corpora  quadrigemina  are  situated. 
As  previously  stated,  the  crusta  of  the  crus  cerebri,  composed  of  corticifugal  fibres 
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gradually  inclines  outwards  as  it  is  traced  upwards,  and  thus  it  assumes  a  place  on 
the  outer  aspect  of  the  optic  thalamus  and  passes  into  the  internal  capsule  of  the 
brain.  The  tegmental  part  of  the  crus,  on  the  other  hand,  comes  into  relation 
with  the  under  surface  of  the  thalamus,  and  forms  in  this  situation  the  sub- 
thalamic tegmental  region.  To  a  large  extent  the  longitudinal  fibres  of  the 
tegmentum  are  corticipetal.  For  the  most  part  they  enter  the  thalamus,  and 
end  within  it  in  fine  arborisations  around  the  thalamic  cells. 

The  two  optic  thalami,  in  their  anterior  two-thirds,  lie  close  together  on  either 
side  of  a  deep  mesial  cleft,  which  receives  the  name  of  the  third  ventricle  of  the 
brain.    Each  thalamus  presents  an  anterior  and  a  posterior  extremity  and  four 
surfaces.  The 
inferior  and  ex- 
ternal surfaces 
are  in  apposition, 
and,  indeed,  di- 
rectly connected 
with  adjacent 
parts  of  the  brain, 
and  on  this  ac- 
count it  is  only 
possible  to  study 
them  by  means  of 
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cortex.  A  large  proportion  of  these  fibres  descend  to  form  the  crusta  or  ventral 
part  of  the  crus  cerebri.  From  the  entire  extent  of  the  external  surface  of 
the  thalamus  large  numbers  of  fibres  stream  out  and  enter  the  internal  capsule, 
to  reach  the  cerebral  cortex  ;  over  the  same  area  other  fibres  which  arise  in  the  cortex 
of  the  cerebrum  enter  the  thalamus.  Both  of  these  sets  of  fibres  constitute  what  is 
termed  the  thalamic  radiation,  and  by  this  the  thalamus  establishes  a  double  con- 
nexion with  the  entire  extent  of  the  cerebral  cortex.  As  the  fibres  leave  and  enter 
the  thalamus  they  intersect  each  other  at  acute  angles,  and  over  the  whole  of  the 
external  surface  of  the  ganglionic  mass  they  form  a  very  distinct  reticulated  zone 
or  stratum,  which  is  termed  the  external  medullary  lamina. 

The  inferior  or  ventral  surface  of  the  thalamus  rests  chiefly  on  the  subthalamic 
tegmental  region  and  the  corpus  mammillare.  In  front,  however,  as  the  tegmental 
substance  gradually  disappears,  the  thalamus  comes  to  lie  over  the  outer  part  of  the 
tuber  cinereum.  From  the  subthalamic  region  many  fibres  enter  the  thalamus  on 
its  under  aspect,  whilst  other  fibres  leave  this  surface  of  the  thalamus  to  take  part 
in  the  thalamic  radiation. 


438.— The  Two  Optic  Thalami  (as  seen  from  above) 
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The  superior  or  dorsal  surface  of  the  thalamus  is  free.  Externally  it  is  bounded 
by  a  groove,  which  traverses  the  floor  of  the  lateral  ventricle  of  the  brain  and 
intervenes  between  the  thalamus  and  the  caudate  nucleus.  In  this  groove  are 
placed  a  slender  band  of  longitudinal  fibres,  termed  the  taenia  semicularis,  and  in 
its  fore-part  the  vein  of  the  corpus  striatum.  Internally,  the  superior  surface  of 
the  thalamus  is  separated  from  the  internal  or  mesial  surface  in  its  anterior  half  by 
a  sharp  edge  or  prominent  ledge  of  the  ependyma  of  the  third  ventricle.  This  is 
termed  the  tsenia  thalami,  and  the  ridge  which  it  forms  is  accentuated  by  the  fact 
that,  subjacent  to  it,  there  lies  a  longitudinal  strand  of  fibres  called  the  stria 
medullaris.  When  these  two  structures,  viz.  the  ependymal  ridge  and  the  subjacent 
tract,  are  traced  backwards,  they  are  seen  to  turn  inwards  and  become  continuous 
with  the  stalk  or  peduncle  of  the  pineal  body.  Behind  the  portion  of  the  taenia 
thalami  which  turns  inwards  towards  the  pineal  body  a  small  depressed  triangular 
area,  the  trigonum  habenulse,  situated  in  front  of  the  superior  quadrigeminal  body, 
forms  a  very  definite  inner  boundary  for  the  hinder  part  of  the  superior  surface  of 
the  thalamus. 

The  superior  surface  of  the  thalamus  is  slightly  bulging  or  convex,  and  is  of  a 
whitish  colour,  owing  to  the  presence  of  a  thin  superficial  covering  of  nerve-fibres, 
termed  the  stratum  zonale.  It  is  divided  into  two  areas  by  a  faint  oblique  groove, 
which  begins  in  front  at  the  inner  border,  a  short  distance  behind  the  anterior 
extremity  of  the  thalamus,  and  extends  outwards  and  backwards  to  the  outer  part 
of  the  hinder  end.  This  groove  corresponds  to  the  outer  edge  of  the  fornix.  The 
two  areas  which  are  thus  mapped  out  are  very  differently  related  to  the  ventricles 
of  the  brain,  and  also  to  the  parts  which  lie  above  the  thalamus.  The  outer  area, 
which  includes  the  anterior  extremity  of  the  thalamus,  forms  a  part  of  the  floor  of 
the  lateral  ventricle.  It  is  covered  with  ependyma,  overlapped  by  the  choroid 
plexus  of  this  ventricle,  and  lies  immediately  subjacent  to  the  corpus  callosum. 
Along  the  line  of  the  groove  the  epithelial  lining  of  the  lateral  ventricle  is  reflected 
over  the  choroid  plexus  of  this  cavity.  The  inner  area,  which  includes  the  hinder 
end  of  the  thalamus,  intervenes  between  the  lateral  and  third  ventricles  of  the 
brain,  and  takes  no  part  in  the  formation  of  the  walls  of  either.  It  is  covered  by  a 
fold  of  pia  mater,  termed  the  velum  interpositum,  above  which  is  the  fornix,  and 
these  two  structures  intervene  between  the  thalamus  and  the  corpus  callosum. 

The  anterior  extremity  of  the  thalamus,  called  the  anterior  tubercle  (tuberculum 
anterius  thalami),  forms  a  marked  bulging.  It  projects  into  the  lateral  ventricle, 
behind  and  to  the  outer  side  of  the  free  portion  of  the  anterior  pillar  of  the  fornix. 
The  foramen  of  Monro,  a  narrow  aperture  of  communication  between  the  lateral 
and  third  ventricles  of  the  brain,  is  bounded  in  front  by  the  anterior  pillar  of  the 
fornix  and  behind  by  the  anterior  tubercle  of  the  thalamus. 

The  posterior  extremity  of  the  thalamus  is  very  prominent  and  forms  a  cushion - 
like  projection,  which  overhangs  the  brachia  of  the  corpora  quadrigemina.  This 
prominence  is  called  the  pulvinar.  Another  oval  bulging  on  the  hinder  part  of  the 
thalamus  receives  the  name  of  the  corpus  geniculatum  externum.  It  is  situated 
below,  and  to  the  outer  side  of,  the  pulvinar,  and  presents  a  very  intimate  connexion 
with  the  optic  tract. 

The  mesial  siirfaces  of  the  two  thalami  are  placed  close  together,  and  are 
covered  not  only  by  the  lining  ependyma  of  the  third  ventricle,  but  also  by  a 
tolerably  thick  layer  of  gray  matter,  continuous  below  with  the  central  gray 
substance  which  surrounds  the  aqueduct  of  Sylvius  in  the  mesencephalon.  A  band 
of  gray  matter,  termed  the  gray  or  soft  commissure  (commissura  mollis),  crosses  the 
third  ventricle  and  joins  the  inner  surfaces  of  the  two  thalami  together. 

Intimate  Structure  and  Connexions  of  the  Optic  Thalamus. — The  upper 
surface  of  the  thalamus  is  covered  by  the  stratum  zonale,  a  thin  coating  of  white 
fibres  derived  to  some  extent  from  the  optic  tract,  and  probably  also  from  the  optic 
radiation.  The  inner  surface  has  a  thick  coating  of  central  gray  matter,  whilst 
intervening  between  the  internal  capsule  and  the  outer  surface  is  the  lamina 
medullaris  externa.    The  lower  surface  merges  into  the  subthalamic  region. 

The  gray  matter  of  the  optic  thalamus  is  marked  off  into  three  very  apparent 
parts — termed  the  anterior,  the  mesial,  and  the  lateral  thalamic  nuclei — by  a  thin 
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vertical  sheet  of  white  matter,  continuous  with  the  stratum  zonale,  termed  the 
lamina  medullaris  interna.  The  lateral  nucleus  (nucleus  lateralis  thalami)  is  by  far 
the  largest  of  the  three.  It  is  placed  between  the  internal  and  the  external 
medullary  laminae,  and  it  stretches  backwards  beyond  the  mesial  nucleus,  and  thus 
includes  the  whole  of  the  pulvinar  (Fig.  440).  The  mesial  nucleus  (nucleus  medialis 
thalami)  only  reaches  as  far  back  as  the  habenular  region.  It  is  placed  between 
the  central  gray  matter  of  the  third  ventricle  and  the  internal  medullary  lamina. 
The  lateral  nucleus  is  more  extensively  pervaded  by  fibres  than  the  mesial  nucleus. 
From  the  lateral  nucleus  by  far  the  greatest  number  of  the  fibres  which  form  the 
radiatio  thalami  pass,  and  these  are  seen  crossing  it  in  various  directions  towards 
the  lamina  medullaris  externa.  The  anterior  nucleus  (nucleus  anterior  thalami)  is 
the  smallest  of  the  three  thalamic  nuclei.  It  forms  the  prominent  anterior  tubercle, 
and  is  prolonged  in  a  wedge-shaped  manner,  for  a  short  distance,  downwards  and 
backwards  between  the  anterior  parts  of  the  mesial  and  lateral  nuclei.  The  internal 
medullary  lamina  splits  into  two  parts  and  partially  encloses  the  anterior  nucleus. 
In  connexion  with  its  large  cells  a  very  conspicuous  bundle  of  fibres,  the  bundle 
of  Vicq  d'Azyr  (fasciculus  thalamo-mammillaris),  which'  arises  in  the  corpus 
mammillare,  comes  to  an  end. 

A  diffuse  gray  mass  imperfectly  marked  off  from  the  under  surface  of  the  lateral  nucleus 
receives  the  name  of  the  ventral  nucleus.  Its  lower  part  is  composed  of  tlie  central  nucleus  of 
Luys  and  the  nucleus  arcuatus.  In  section  the  former  appears  as  a  circular  mass  of  gray  matter, 
which  comes  into  view  immediately  behind  the  point  where  the  internal  medullary  lamina 
disappears.  It  would  seem  to  be  intimately  connected  with  fibres  which  reach  it  from  the  red 
nucleus  and  from  the  posterior  commissure.  These  fibres  pass  round  it  so  as  to  mark  it  off  from 
the  rest  of  the  thalamus,  and  in  front  of  the  nucleus  many  of  them  enter  the  internal  medullary 
lamina.  The  nucleus  arcuatus  is  a  small  semilunar  mass  of  gray  matter  placed  below  and  to  the 
outer  side  of  the  central  nucleus  of  Luys. 

The  connexions  of  the  thalamus  are  of  an  extremely  intricate  kind.  It  would 
appear  to  be  a  ganglionic  mass  interposed  between  the  tegmental  corticipetal  tracts 
and  the  cerebral  cortex.  In  its  hinder  part,  and  through  its  stratum  zonale,  it  also 
has  important  connexions  with  the  optic  tract.  The  corticipetal  tegmental  tracts, 
which  enter  it  from  below,  will  be  noticed  in  connexion  with  the  subthalamic 
region.  Suffice  it  to  say,  for  the  present,  that  these  fibres  end  in  the  midst  of  the 
thalamus  in  connexion  with  the  thalamic  cells.  In  addition  to  these,  enormous 
numbers  of  fibres,  arising  within  the  thalamus  as  the  axons  of  its  cells,  stream  out 
from  its  outer  and  under  surfaces  to  form  the  thalamic  radiation.  These  thalamo- 
cortical fibres  pass  to  every  part  of  the  cortex  ;  and  although  there  is  no  separation 
of  them  into  distinct  groups  as  they  leave  the  thalamus,  it  is  customary  to  regard 
them  as  constituting  a  frontal  stalk,  a  parietal  stalk,  an  occipital  stalk,  and  a 
ventral  stalk.  But  fibres  from  the  cortex,  cortico-thalamic  fibres,  likewise  stream 
into  the  thalamus  in  large  numbers,  and  end  in  fine  arborisations  around  its  cells. 
A  double  connexion  with  the  cerebral  cortex  is  thus  established  by  the  thalamus. 

The  frontal  stalk  of  the  thalamic  radiation  emerges  from  the  anterior  part  of  the  lateral 
surface  of  the  thalamus  and  passes  through  the  anterior  limb  of  the  internal  capsule,  to  reach  the 
cortex  of  the  frontal  lobe.  Many  of  these  fibres  end  in  the  caudate  and  lenticular  nuclei,  between 
whicli  they  proceed.  The  parietal  stalk  issues  from  the  lateral  surface  of  the  thalamus,  and, 
passing  through  the  internal  capsule  (and  to  some  extent,  also,  through  the  lenticular  nucleus 
and  the  external  capsule),  gains  the  cortex  of  the  hinder  part  of  the  frontal  lobe  and  of  the 
parietal  lobe.  The  occipital  stalk  emerges  from  the  outer  aspect  of  the  pulvinar  and  constitutes 
the  so-called  optic  radiation.  These  fibres  sweep  outwards  and  backwards  round  the  outer  side 
of  the  posterior  horn  of  the  lateral  ventricle  to  gain  the  cortex  of  the  occipital  lobe.  The 
ventral  stalk  streams  out  from  the  under  aspect  of  the  anterior  part  of  the  thalamus,  in  front 
of  the  subthalamic  tegmental  region  and  the  corpus  mammillare.  Its  fibres  arise  in  both  the 
mesial  and  lateral  nuclei,  and  sweej^  downwards  and  outwards  to  reach  the  region  below  the 
lenticular  nucleus.  One  very  distinct  band  which  lies  dorsal  to  the  other  fibres  (ansa  lenticu- 
laris)  enters  the  lenticular  nucleus,  whilst  the  remainder  (ansa  jDeduncularis)  continue  in  an 
outward  direction  below  the  lenticular  nucleus  and  gain  the  cortex  of  the  temporal  lobe  and  of 
the  insula  or  island  of  E,eil. 

Flechsig  divides  the  thalanio-cortical  fibres  of  ordinary  sensation  into  three  sensory  systems. 
These  he  has  been  able  to  distinguish  by  studying  the  order  in  which  they  assume  their  sheaths 
of  myelin  in  the  foetus  and  infant. 

Ferrier  and  Turner,  by  the  degenerative  method  of  investigation,  corroborate  Flechsig's 
results.    They  confirm  the  observation  of  Flechsig  that,  while  thalamic  fibres  are  distributed  to 
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the  several  regions  of  the  cerebral  cortex  to  an  almost  equal  extent,  there  is  one  district,  viz.  the 
frontal  pole,  to  which  the  supply  is  scanty.    Another  very  important  result  has  been  obtained 

by  these  authors.  They  liav^e  established 
the  fact  that  many  of  the  thalamic  fibres 
cross  the  mesial  plane  in  the  corpus  cal- 
losum,  and  thus  gain  the  cortex  of  the 
opposite  cerebral  hemisphere.  Hamilton's 
crossed  callosal  tract  thus  receives  con- 
formation. 

"'^''"'"^  Intimate  Structure  of  the  Corpus 

Geniculatum  Externum.  —  Sections 
through  the  external  geniculate  body 
reveal  the  fact  that  it  is  composed  of 
a  series  of  alternately  placed  gray  and 
white  curved  laminse.  This  gives  it 
a  very  characteristic  appearance.  The 
white  laminae  are  composed  of  fibres 
which  enter  the  body  from  the  optic 
tract  and  the  optic  radiation.  The 
connexions  of  the  geniculate  bodies 
will  be  studied  with  the  optic 
tract. 

Subthalamic  Tegmental  Region. 

— The  tegmental  part  of  the  crus  cere- 
bri is  prolonged  upwards  and  assumes 
a  position  below  the  hinder  part  of  the 
thalamus.  The  red  nucleus  is  a  con- 
spicuous object  in  sections  through  the 
lower  part  of  this  region  (Fig.  440).  It 
presents  the  same  appearance  as  lower 
down  in  the  mesencephalon,  and, 
gradually  diminishing,  it  disappears 
before  the  level  of  the  corpus  mam- 
millare  is  reached.  Carried  up  around  it  are  the  same  longitudinal  tracts  of  fibres 
which  have  been  studied  in  relation  to  it  in  the  tegmental  part  of  the  mesencephalon. 
Certain  of  these  fibres,  placed  in  immediate  relation  to  the  red  nucleus,  form  a 
coating  or  capsule  for  it.  This  coating  is  partly  derived  from  those  fibres  of  the 
superior  cerebellar  p)eduncle  which  pass  directly  up  into  the  thalamus  and  also 
partly  from  fibres  which  issue  from  the  nucleus  itself.  The  mesial  fillet,  also, 
which  in  the  upper  part  of  the  mesencephalon  is  observed  to  take  up  a  position  on 
the  lateral  and  dorsal  aspect  of  the  red  nucleus,  maintains  a  similar  position  in  the 
subthalamic  region.  When  the  red  nucleus  comes  to  an  end  these  various  fibres 
are  continued  onwards  and  form,  in  the  position  previously  occupied  by  the  nucleus, 
a  very  evident  and  dense  mass  of  fibres.  The  fibres  of  the  mesial  fillet,  of  the 
superior  cerebellar  p^eduncle,  and  of  the  red  nucleus  are  prolonged  upwards  into  the 
ventral  part  of  the  thalamus,  where  they  end  in  connexion  with  the  thalamic  cells. 

The  substantia  nigra  is  likewise  carried  into  the  subthalamic  region,  where  it 
maintains  its  original  position  on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri. 
As  it  is  traced  upwards,  it  is  seen  to  gradually  diminish  in  amount.  It  shrinks 
from  within  outwards,  and  finally  disappears  when  the  hinder  part  of  the  corpus 
mammillare  is  reached. 

In  coronal  sections  through  the  subthalamic  region,  the  most  conspicuous  object 
which  comes  into  view  is  the  corpus  subthalamicum  or  the  nucleus  of  Luys  (Fig.  440). 
It  is  a  small  mass  of  gray  matter,  shaped  like  a  biconvex  lens,  which  makes  its  appear- 
ance on  the  dorsal  aspect  of  the  crusta  of  the  crus  cerebri  immediately  to  the  outer 
side  of  the  substantia  nigra.  At  first  it  lies  in  an  angle,  which  is  formed  by  the 
meeting  of  the  crusta  and  the  internal  capsule  ;  but,  rapidly  enlarging  in  an  inward 
direction,  it  takes  the  place  of  the  diminishing  substantia  nigra  on  the  dorsal 
surface  of  the  crusta  at  the  level  of  the  lower  part  of  the  corpus  mammillare.  The 
corpus  subthalamicum  is  rendered  all  the  more  evident  by  the  fact  that  it  is 
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Fig.  439. — Schema.    Founded  on  the  observations  of 
Flechsio-,  and  Ferrier  and  Turner. 
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sharply  defined  by  a  thin  capsule  of  white  fibres.  On  its  mesial  aspect  these  fibres 
proceed  inwards  and  form  a  very  evident  decussation  across  the  middle  line  in  the 
floor  of  the  third 
ventricle,  immed- 
iately above  the 
hinder  ends  of  the 
corpora  mammil- 
laria. 

The  corpus 
subthalamicum,  in 
the  fresh  condi- 
tion, presents  a 
brownish  colour, 
partly  from  the 
fact  that  its  cells 
are  pigmented,  and 
partly  also  on 
account  of  the 
numerous  capil- 
lary blood-vessels 
which  pervade  its 
substance. 

Pineal  Body 
(corpus  pineale). 
— This  is  a  small, 
dark,  reddish  body, 
about  the  size  of  a 
cherry  -  stone  and 
shaped  after  the 
fashion  of  a  fir- 
cone. Placed  be- 
tween the  hinder 
ends  of  the  two 

thalami,  it  occupies  the  depression  on  the  dorsal  aspect  of  the  mesencephalon, 
which  intervenes  between  the  two  superior  quadrigeminal  bodies.  Its  base,  which 
is  directed  upwards,  is  attached  by  a  hollow  stalk  or  peduncle.  This  stalk  is 
separated  into  a  dorsal  and  a  ventral  part  by  the  prolongation  backwards  into  it 
of  a  small  pointed  recess  of  the  cavity  of  the  third  ventricle.  The  dorsal  part  of 
the  stalk  curves  outwards  and  forwards,  and  on  each  optic  thalamus  becomes 
continuous  with  the  tsenia  thalami  and  the  subjacent  stria  medullaris;  the 
ventral  part  is  folded  round  a  narrow  but  conspicuous  cord-like  band  of  white 
matter,  which  crosses  the  mesial  plane  immediately  above  the  base  of  the  pineal  body 
and  receives  the  name  of  the  posterior  commissure  of  the  cerebrum  (Fig.  438,  p.  543). 

The  pineal  body  is- not  composed  of  nervous  elements.  The  only  nerves  in  its  midst  are  the 
sympathetic  filaments  which  enter  it,  with  its  blood-vessels.  It  is  composed  of  spherical  and 
tubular  follicles,  filled  with  epithelial  cells,  and  containing  a  variable  amount  of  gritty,  calcareous 
matter. 

The  pineal  body  is  a  rudimentary  structure,  but  in  certain  vertebrates  it  attains  a  much 
higher  degree  of  development  than  in  man.  In  the  lizard,  blind-worm,  etc.,  it  is  present  in  the 
form  of  the  so-called  pineal  eye.  In  structure  it  resembles,  in  these  animals,  an  invertebrate  eye, 
and  it  possesses  a  long  stalk,  in  which  nerve-fibres  are  developed.  Further,  it  is  carried  through 
an  aperture  in  the  cranial  wall,  and  consequently  lies  close  to  the  surface  on  the  dorsum  of  tlie 
head  between  the  parietal  bones. 

Trigonum  Habenulse. — The  small,  triangular,  depressed  area  which  receives  this 
name  is  placed  immediately  in  front  of  the  superior  quadrigeminal  body  in  the 
interval  between  the  peduncle  of  the  pineal  body  and  the  hinder  end  of  the  thalamus 
(Fig.  438,  p.  543).  It  marks  the  position  of  an  important  collection  of  nerve-cells, 
which  constitute  the  ganglion  habenulse.  The  axons  of  these  cells  are  collected  on 
the  ventral  aspect  of  the  ganglion  into  a  bundle,  called  the  fasciculus  retroflexus, 
which  takes  a  curved  course  downwards  and  forwards  in  the  tegmentum  of  the 


Fig.  440. 


-Coronal  Section  through  the  Cerebrum  of  an  Orang  passing 
through  the  subthalamic  tegmental  region. 
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mesencephalon.  The  fasciculus  retroflexus  lies  close  to  the  inner  side  of  the 
red  nucleus,  and  finally  comes  to  an  end  in  a  group  of  cells  termed  the  ganglion 
interpedunculare,  situated  in  the  lower  part  of  the  locus  perforatus  posticus 
(see  p.  539). 

The  ganglion  habenul^e  is  likewise  intimately  connected  with  the  stria  medul- 
laris  and  the  dorsal  part  of  the  stalk  of  the  pineal  body. 

As  previously  stated,  the  stria  meduUaris — a  very  evident  band  of  white 
matter — lies  on  the  optic  thalamus,  subjacent  to  the  ependymal  ridge  termed  the 
taenia  thalami.  When  traced  backwards,  many  of  the  fibres  of  the  stria  medullaris 
are  observed  to  end  amongst  the  cells  of  the  ganglion  habenulas,  whilst  others  are 
continued  past  the  ganglion  to  enter  the  peduncle  of  the  pineal  body,  and,  through 
it,  to  reach  the  ganglion  habenulse  of  the  opposite  side,  in  connexion  with  the  cells 
of  which  they  terminate.  The  stria  medullaris,  therefore,  ends  partly  in  the 
ganglion  habenul?e  of  its  own  side  and  partly  in  the  corresponding  ganglion  of  the 
opposite  side.  The  decussation  of  fibres  across  the  middle  line  forms  the  dorsal 
part  of  the  pineal  stalk  or  peduncle,  and  is  frequently  termed  the  commissura 
habenularum. 

When  the  stria  medullaris  is  traced  in  the  opposite  direction,  it  is  noticed  to 
split  into  a  dorsal  and  ventral  part  near  the  anterior  pillar  of  the  fornix.  The 
dorsal  part  turns  abruptly  upwards,  and,  joining  the  fornix,  is  carried  in  it  to  the 
hippocampus  major  or  cornu  ammonis  from  cells  in  which  its  fibres  take  origin. 
The  ventral  fart  turns  downwards  and  appears  to  spring  from  a  collection  of  cells 
in  the  gray  matter  on  the  base  of  the  brain  close  to  the  optic  chiasma.  The  stria 
medullaris  is  believed  to  form  a  part  of  the  olfactory  apparatus. 

Commissura  Posterior. — The  posterior  commissure  is  a  slender  band  of  white 
matter,  which  crosses  the  middle  line  under  cover  of  the  stalk  of  the  pineal  body 
and  overlies  the  entrance  of  the  aqueduct  of  Sylvius  into  the  third  ventricle.  The 
fibres  which  enter  into  the  formation  of  the  posterior  commissure  are  believed  to 
arise  in  a  special  nucleus,  which  is  placed  in  the  central  gray  matter  immediately 
above  tlie  oculo- motor  nucleus.  They  decussate  with  each  other  across  the  mesial 
plane  and  thus  the  commissure  is  formed.  The  other  connexions  of  this  little 
band  are  not  satisfactorily  established,  but  Held  believes  that  some  of  its  ventral 
fibres  pass  downwards  into  the  posterior  longitudinal  bundle. 

Locus  Perforatus  Posticus  (substantia  perforata  posterior). — This  has  already 
been  described  on  p.  475.  Some  delicate  bands  of  white  matter,  termed  the  taenia 
pontis,  may  frequently  be  seen  emerging  from  the  gray  matter  of  this  region ;  they 
then  curve  round  the  crura  cerebri  in  close  relation  to  the  upper  border  of  the 
pons,  into  which  they  ultimately  sink  (Fig.  390,  p.  484). 

Corpora  Mammillaria. — The  corpora  mammillaria  are  two  round  white  bodies, 
each  about  the  size  of  a  pea,  which  lie  side  by  side  in  the  interpeduncular  space  on 
the  base  of  the  brain,  immediately  in  front  of  the  locus  perforatus  posticus. 

Each  corpus  manimillare  is  coated  on  the  outside  by  white  matter  derived 
from  the  anterior  pillar  of  the  fornix,  and  contains,  in  its  interior,  a  composite  gray 
nucleus  with  numerous  nerve-cells.  Several  important  strands  of  fibres  are  con- 
nected with  the  corpus  mammillare :  (1)  The  anterior  pillar  of  the  fornix  curves 
downwards  in  the  lateral  wall  of  the  third  ventricle  to  reach  the  corpus  mammillare, 
and  its  fibres  end  amidst  the  cells  of  that  body.  (2)  A  bundle  of  fibres,  called 
the  bundle  of  Vicq  d'Azyr,  which  at  first  sight  appears  to  be  continuous  with  the 
anterior  pillar  of  the  fornix,  takes  origin  in  its  midst  and  extends  upwards  into 
the  optic  thalamus,  to  end  in  fine  arborisations  around  the  large  cells  in  the  anterior 
thaLimic  nucleus.  (3)  Another  bundle  of  fibres,  the  pedunculus  corporis  mammillaris, 
takes  form  within  the  corpus  mammillare  and  extends  downwards  in  the  gray 
matter  of  the  floor  of  the  third  ventricle,  to  reach  the  tegmentum  of  the  mesen- 
cephalon.   The  ultimate  destination  of  these  fibres  is  doubtful. 

Tuber  Cinereum  and  Infundibulum. — The  tuber  cinereum  is  a  small,  slightly 
prominent  field  of  gray  matter,  which  occupies  the  anterior  part  of  the  inter- 
peduncular space  between  the  corpora  mammillaria  behind  and  the  optic  chiasma 
in  front.  From  its  fore-part  the  infundibulum,  or  stalk  of  the  pituitary  body, 
projects  downwards  and  connects  that  body  with  the  base  of  the  brain.    In  its 
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upper  part  the  infundibulum  is  hollow,  a  small,  funnel-shaped  diverticulum  of  the 
cavity  of  the  third  ventricle  being  prolonged  downwards  in  bo  it. 

Pituitary  Body  (hypophysis). 
— This  is  a  small  oval  structure, 
flattened  from  above  downwards, 
and  with  its  long  axis  directed 
transversely,  which  occupies  the 
pituitary  fossa  in  the  floor  of  the 
cranium.  It  is  composed  of  two 
lobes — a  large  anterior  lobe  and  a 
smaller  posterior  lobe,  which  are 
closely  applied  the  one  to  the  other. 
The  infundibulum,  which  extends 
downwards  from  the  tuber  cin- 
ereum,  is  attached  to  the  posterior 
lobe. 

The  infundibulum  and  posterior 
lobe  of  the  pituitary  body  are  de- 
veloped in  the  form  of  a  hollow  diver- 
ticulum, which  grows  downwards  from 
the  floor  of  that  part  of  the  embryonic 
brain  which  afterwards  forms  the 
third  ventricle.  The  original  cavity 
of  this  diverticulum  becomes  obliter- 
ated, except  in  the  upper  part  of  the 
infundibulum.  In  structure,  the  pos- 
terior lobe  of  the  pituitary  body  shows 
little  trace  of  its  origin  from  the 
wall  of  the  brain-tube.  It  is  chiefly  composed  of  connective  tissue  and  blood-vessels,  with 
branched  cells  scattered  throughout  it. 

The  anterior  lobe  has  quite  a  different  origin,  and  may  be  regarded  as  the  functional 

part  of  the  pituitary  body.    It  is  de- 


rived from  a  tubular  diverticulum, 
which  grows  upwards  from  the  primi- 
tive buccal  cavity  or  stomodseum.  Its 
connexion  with  the  latter  (canalis 
cranio-pharyngeus)  is  in  the  course  of 
time  cut  off',  and  the  diverticulum  be- 
comes encased  within  the  cranial  cavity 
in  intimate  association  with  the  cerebral 
portion  of  the  organ.  Structurally,  it 
consists  of  tubules  or  alveoli,  lined  by 
epithelial  cells  and  surrounded  by 
capillary  vessels.  Its  structure  is  in 
some  respects  not  unlike  that  of  the 
parathyroid  bodies.  In  giants,  and  in 
cases  of  acromegaly,  the  pituitary  body 
is  usually  greatly  enlarged. 


Fig.  441. — Mesial  Section  through  the  Pituitary  Region 
IN  A  Child  ov  Twelve  Months  old. 

In  this  section,  as  well  as  in  the  section  figured  in  Fig.  442,  the 
infundibulum  has  the  appearance  of  being  attached  to  the 
anterior  lobe.  This  is  due  to  the  way  in  which  the  larger 
anterior  lobe  grows  backwards  so  as  to  embrace  the  smaller 
posterior  lobe.  The  latter  is,  as  it  were,  accommodated  in  a 
hollow  in  the  hinder  aspect  of  the  anterior  lobe. 

From  a  photograph  by  Professor  Symington. 


Foramen  of  Monro 

Anterior  commissure 

Ventricle  III. 

Corpus  mammillare 

Subarachnoid  tissue 
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Pituitary  body 
Cisterna  pontis 


Basi-occipital 


Sphenoidal  sinus 


Lamina  Cinerea. — This  is  a 
thin,  delicate  lamina  which  may  be 
seen  on  the  basal  aspect  of  the 
brain,  stretching  from  the  upper 
aspect  of  the  optic  chiasm  a  in  an 
upward  direction  to  become  con- 
-Mesial  Section  through  the  Pituitary  Region  nected  with  the  rostrum  of  the 
IN  THE  Adult.  n 

corpus  callosum. 

Anterior  Commissure  of  the  Cerebrum. — In  the  anterior  part  of  the  cleft, 
between  the  two  optic  thalami  and  immediately  in  front  of  the  anterior  pillars  of 
the  fornix,  a  round  bundle  of  fibres  crosses  the  mesial  plane.  This  is  the  anterior 
commissure.    It  is  much  larger  than  the  posterior  commissure. 


Fig.  442. 
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Third  Ventricle  (ventriculus  tertius).  —  This  is  the  narrow  cleft  which 
separates  the  two  optic  thalami.  Its  depth  rapidly  increases  from  behind  for- 
wards, and  it  may  be  said  to  extend  from  the  pineal  body  behind  to  the  lamina 
cinerea  in  front.  Its  floor  is  formed  by  the  structures  already  studied  within 
the  area  of  the  interpeduncular  space  on  the  base  of  the  brain,  viz.  the  tuber 
cinereum,  the  corpora  mammillaria,  the  gray  matter  of  the  locus  perforatus  posticus, 
and  also  to  some  extent  behind  this  by  the  tegmenta  of  the  crura  cerebri.  It  is 
interesting  to  note  that  the  central  gray  matter  which  surrounds  the  Sylvian 
aqueduct  is  directly  continuous  with  the  gray  matter  of  the  locus  -perforatus  posti- 
cus and  tuber  cinereum,  and  in  this  way  it  comes  to  the  surface  in  the  base  of  the 
brain.  The  optic  chiasma  crosses  the  floor  in  front  and  marks  the  place  where  the 
latter  becomes  continuous  with  the  anterior  wall  of  the  cavity.  The  front  wall  of 
the  third  ventricle  is  formed  by  the  lamina  cinerea,  which  extends  upwards  from 
the  optic  chiasma.  The  anterior  commissure,  as  it  crosses  from  one  side  to  the  other, 
projects  into  the  ventricle,  but  of  course  it  is  excluded  from  the  cavity  by  the 
ventricular  epithelial  lining.  It  may  be  taken  as  indicating  the  place  where  the 
roof  joins  the  anterior  wall.  The  roof  of  the  third  ventricle  is  formed  by  a  thin 
epithelial  layer,  continuous  with  the  thin  epitheUal  lining  of  the  cavity,  which 
stretches  across  the  mesial  plane  from  one  taenia  thalami  to  the  other.  Applied 
to  the  upper  surface  of  the  epithelial  roof  is  the  fold  of  pia  mater,  termed  the  velum 
interpositum,  and  the  roof  is  invaginated  into  the  cavity  along  its  whole  length  by 
two  delicate  choroid  plexuses,  which  hang  down  from  the  under  surface  of  this 
fold.  When  the  velum  interpositum  is  removed  the  thin  epithelial  roof  is  torn 
away  with  it,  leaving  only  the  lines  of  attachment  in  the  shape  of  the  taenia 
thalami. 

The  lateral  wall  of  the  third  ventricle  is  formed  for  the  greater  part  of  its 
extent  by  the  inner  surface  of  the  optic  thalamus,  covered  by  a  thick  layer  of 


Gem 


Fig.  443. — Mesial  Section  through  the  Corpus  Callosum,  Diencephalon,  etc. 
Shows  the  third  and  fourth  ventricles  connected  by  the  aqueduct  of  Sylvius. 


central  gray  matter  continuous  with  the  Sylvian  gray  matter  of  the  mesencephalon. 
A  little  in  front  of  the  middle  of  the  ventricle  the  cavity  is  crossed  by  the  middle 
or  soft  commissure,  which  connects  the  thalami  with  each  other,  and  in  front  of  this 
the  anterior  pillar  of  the  fornix  is  seen  curving  downwards  and  backwards  in  the 
lateral  wall.  At  first  the  bulging  which  it  forms  is  distinctly  prominent,  but  it 
gradually  subsides  as  the  strand,  on  its  way  to  end  in  the  corpus  mammillare, 
becomes  more  and  more  sunk  in  the  gray  matter  on  the  side  of  the  ventricle. 
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The  third  ventricle  communicates  with  both  of  the  lateral  ventricles,  and  also 
with  the  fourth  ventricle.  The  aqueduct  of  Sylvius,  the  narrow  channel  which 
tunnels  the  mesencephalon,  brings  it  into  communication  with  the  fourth  ventricle. 
The  opening  of  this  aqueduct  is  placed  at  the  posterior  part  of  the  floor  of  the  third 
ventricle,  immediately  below  the  posterior  commissure.     The  foramina  of  Monro 


Fig.  444. — Profile  View  of  a  Cast  of  the  Ventricles  of  the  Brain  (from  Retzius). 

R.SP.  Recessus  suprapinealis,  A.S.  Aqueduct  of  Sylvius. 

R.P,    Recessus  pinealis.  F.M.  Foramen  of  Monro. 


bring  it  into  communication  with  the  lateral  ventricles.  These  apertures  are 
placed  at  the  upper  and  fore  parts  of  the  lateral  walls,  and  lead  outwards  and 
slightly  upwards  between  the  most  prominent  parts  of  the  anterior  pillars  of  the 
fornix  and  the  anterior  tubercles  of  the  optic  thalami.  They  are  just  large  enough 
to  admit  a  crow-quill,  and  through  these  passages  the  epithelial  lining  of  the  three 
ventricles  becomes  continuous.  From  the  foramen  of  Monro  a  distinct  groove  on 
the  lateral  wall  of  the  ventricle  leads  backwards  towards  the  mouth  of  the  Sylvian 
aqueduct.  It  is  termed  the  sulcus  of  Monro,  and  is  of  interest,  inasmuch  as  it  is 
considered  by  His  to  represent  in  the  adult  brain  the  furrow  which  divides  the 
lateral  wall  of  the  embryonic  brain-tube  into  an  alar  and  a  basal  lamina. 

The  outline  of  the  third  ventricle,  when  viewed  from  the  side  in  a  mesial  section 
through  the  brain,  or  as  it  is  exhibited  in  a  plaster  cast  of  the  ventricular  system  of  the 
brain,  is  seen  to  be  very  irregular  (Fig  444).  It  presents  several  diverticula  or  recesses. 
Thus,  in  the  fore-part  of  the  floor  there  is  a  funnel-shaped  pit  or  recess,  leading  down 
through  the  tuber  cinereum  into  the  infundibulum  of  the  pituitary  body.  Another  recess, 
the  recessus  opticus,  leads  forwards  immediately  in  front  of  this,  above  the  optic  chiasma. 
Posteriorly  two  diverticula  are  present.  Oue,  the  recessus  pinealis,  passes  backwards 
above  the  posterior  commissure  and  the  mouth  of  the  Sylvian  aqueduct  for  a  short 
distance  into  the  stalk  of  the  pineal  body.  The  second  is  placed  above  this  and  is  carried 
backwards  for  a  greater  distance.  It  is  a  diverticuhim  of  the  epithelial  roof,  and,  there- 
fore, is  difficult  to  demonstrate.    It  is  termed  the  7-ecessus  suprapinealis 

Cerebral  Connexions  of  the  Optic  Tract. 

One  nerve,  the  optic  nerve  or  the  nerve  of  sight,  is  connected  with  this  section 
of  the  brain.  At  the  optic  chiasma  the  optic  nerves  of  the  two  sides  are  joined 
together  and  a  partial  decussation  of  fibres  takes  place.  The  fibres  which  arise  in 
the  mesial  half  of  each  retina  cross  the  mesial  plane  and  join  the  optic  tract  of  the 
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opposite  side.  The  optic  tract  proceeds  backwards  round  the  crus  cerebri,  and  in 
the  neighbourhood  of  the  corpora  geniculata  divides  into  two  roots,  viz.  a  lateral 
and  a  mesial  (p.  532). 

Mesial  Root  of  the  Optic  Tract — Commissure  of  Gudden. — The  mesial  root 
of  the  optic  tract  disappears  under  cover  of  the  corpus  geniculatum  internum  and  a 
large  proportion  of  its  fibres  arise  or  end  in  this  nuclear  body.  As  to  the  connexions 
,  of  the  other  fibres,  we  possess  at  present  no  precise  information.  The  mesial 
root,  although  it  is  composed  of  fibres  which  run  in  the  optic  tract,  has  absolutely 
nothing  to  do  with  the  optic  nerve.  These  fibres,  when  traced  forwards,  cross  the 
mesial  plane  in  the  posterior  angle  of  the  optic  chiasma  and  are  carried  backwards 
in  the  opposite  optic  tract,  to  form  on  that  side  its  mesial  root.  The  fibres,  there- 
fore, are  commissural,  and  constitute  a  bond  of  union,  called  the  commissure  of 
Gudden,  between  the  internal  geniculate  bodies. 

Lateral  Root  of  the  Optic  Tract. — The  lateral  or  true  visual  root  of  the 
optic  tract  is  composed  of  fibres  which  come — (1)  from  the  lateral  half  of  the  retina 
of  its  own  side ;  and  (2)  from  the  mesial  half  of  the  retina  of  the  opposite  side,  and 
which  have  crossed  the  mesial  plane  in  the  optic  chiasma.  But  in  addition  to  the 
afferent  retinal  fibres  there  are  a  certain  number  of  efferent  fibres  in  the  optic 
tract,  fibres  which  take  their  origin  in  the  brain  and  end  in  the  retina.  These  are 
distinguished  from  the  afferent  retinal  fibres  by  their  exceeding  fineness. 

The  fibres  of  the  lateral  root  of  the  optic  tract  end  in  the  superior  quadrigeminal 
body,  in  the  external  geniculate  body,  and  in  the  pulvinar  of  the  optic  thalamus. 
The  fibres  to  the  superior  cLuadrigeminal  body  reach  it  through  the  superior  brachium 

(p.  435),  and  for  the  most  part  spread  out 
on  its  surface  in  the  stratum  zonale  before 
they  sink  into  its  substance,  to  end  in 
terminal  arborisations  around  its  cells.  The 
corpus  geniculatum  externum  receives  the 
largest  contribution  of  fibres  from  the 
lateral  root  of  the  optic  tract.  These  partly 
sink  into  its  interior  and  partly  spread  out 
over  its  surface.  The  former  enter  into 
the  construction  of  the  curved  lamellse 
of  white  matter  which  traverse  this  nuclear 
mass,  and  to  a  large  extent  end  in  the 
gray  matter  which  intervenes  between 
these  lamellfe.  The  deep  fibres  which  are 
not  exhausted  in  this  way  proceed  onwards 
through  the  external  geniculate  body  and 
enter  the  pulvinar.  Of  the  superficial  fibres 
which  spread  over  the  surface  of  the  external 
geniculate  body  some  dip  into  its  substance 
and  end  there,  but  the  majority  are  carried 
over  it  and  enter  the  stratum  zonale  of 
the  pulvinar.  The  fibres  of  the  lateral 
root  of  the  optic  tract,  which  end  in  the 
pulvinar,  therefore  reach  their  destination 
by  passing  either  over  or  through  the 
external  geniculate  body. 

Cortical  Connexions  of  the  Optic 
Nerve. — The  superior  quadrigeminal  body, 
the  external  geniculate  body,  and  the  pul- 
^o^'  vinar  constitute  the  lower  visual  centres 

Fig.  445.— Diagram  of  the  Central  Connex-  terminal   nuclei   of    the    visual  part 

IONS  OP  THE  Optic  Nerve  and  Optic  Tract.       of    the   optic   tract.     The    higher  visual 

centre  is  placed  in  the  cortex  of  the 
occipital  lobe  of  the  cerebral  hemisphere,  and  the  connexions  betw^een  this  and 
the  .  lower  centres  are  established  by  a  large  strand  of  fibres  which  runs  in  the 
central  white  matter  of  the  hinder  part  of  the  cerebral  hemisphere,  and  which 
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constitutes  the  optic  radiation.  The  optic  radiation  is  composed  both  of  corticipetal 
and  corticifugal  fibres.  The  former  arise  as  the  axons  of  the  cells  in  the  external 
geniculate  body  and  the  pulvinar,  around  which  the  retinal  fibres  end,  and  they 
terminate  in  the  cortex  of  the  occipital  lobe.  The  corticifugal  fibres  take  origin 
in  the  cortex  of  the  occipital  lobe  and  end  in  the  pulvinar  and  superior  quadri- 
geminal  body  (Ferrier  and  Turner).  Thus  constituted,  the  optic  radiation  forms 
a  conspicuous  strand  (Figs.  462,  p.  576 ;  465,  p.  579  ;  473,  p.  592),  which,  reaching 
the  retrolenticular  part  of  the  internal  capsule,  sweeps  backwards  into  the  occipital 
lobe  of  the  cerebral  hemisphere  on  the  outer  side  of  the  posterior  horn  of  the 
lateral  ventricle.    Its  connexions  will  be  studied  more  fully  at  a  later  stage. 

Flechsig  does  not  believe  that  the  pulvinar  is  an  internode  interposed  in  the  jDath  of  the  optic 
nerve  as  it  proceeds  towards  the  visual  area  of  the  cerebral  cortex.  He  states  that  he  has  not 
been  able  to  convince  himself  that  any  fibres  of  the  ojDtic  tract  end  in  the  optic  thalamus. 

Other  Connexions  of  the  Lower  Group  of  Visual  Centres. — (1)  The  nuclei  of  the  nerves 
which  supply  the  muscles  which  move  the  eyeball  would  appear  to  stand  in  intimate  connexion 
with  the  lower  group  of  visual  centres.  Most  probably  this  connexion  is  established  through 
the  j)Osterior  longitudinal  bundle.  As  previously  stated,  Held  believes  that  axons  of  certain  of 
the  cells  of  the  superior  quadrigeminal  body  enter  this  tract.  (2)  Through  the  mesial  fillet,  the 
superior  quad  rigeminal  body  is  connected  with  the  medulla  and  cord. 

THE  PARTS  DEFJVED  FFOM  THE  TELENCEPHALON. 
Cerebral  Hemispheres. 

The  cerebral  hemispheres  form  the  largest  part  of  the  fully-developed  brain. 
When  viewed  from  above  they  form  an  ovoid  mass,  the  broadest  end  of  which  is 
directed  backwards,  and  the  louo;est  transverse  diameter  of  which  will  be  found  in 
the  vicinity  of  the  parts  which  lie  subjacent  to  the  parietal  eminences  oF  the 
cranium.  The  massive  rounded  character  of  the  anterior  or  frontal  end  of  each 
cerebral  hemisphere  constitutes  a  leading  human  characteristic ;  but  the  hinder  or 
occipital  end  is  narrow  and  pointed,  and  is  directed  somewhat  downwards.  The 
two  cerebral  hemispheres  are  separated  from  each  other  by  a  deep  mesial  cleft, 
termed  the  great  longitudinal  fissure. 

Great  Longitudinal  Fissure  (fissura  longitudinalis  cerebri). — In  front  and 
behind  the  great  longitudinal  fissure  passes  from  the  dorsal  to  the  ventral  aspect  of 
the  cerebral  hemispheres,  so  as  to  separate  them  compiletely  from  each  other.  In 
its  middle  part,  however,  the  fissure  is  interrupted  and  floored  by  the  corpus 
callosum,  a  white  commissural  band,  which  passes  between  the  hemispheres  and 
connects  them  together.  The  upper  surface  of  the  corpus  callosum  can  be 
displayed  by  gently  drawing  asunder  the  contiguous  mesial  surfaces  of  the 
cerebral  hemispheres.  The  great  longitudinal  fissure  is  occupied  by  a  mesial 
fold  of  dura  mater,  termed  the  falx  cerebri,  which  partially  subdivides  the  part 
of  the  cranial  cavity  allotted  to  the  cerebrum  into  a  right  and  left  chamber. 

External  Configuration  of  each  Cerebral  Hemisphere. — Each  cerebral  hemi- 
sphere presents  an  external,  an  internal,  and  an  inferior  surface.  The  external 
surface  is  convex  and  is  adapted  accurately  to  the  deep  surface  of  the  cranial 
vault.  The  internal  or  mesial  surface  is  flat  and  perpendicular,  and  bounds  the 
great  longitudinal  fissure.  In  great  part  it  is  in  contact  with  the  falx  cerebri ;  and 
where  that  partition  is  deficient,  it  is  applied  to  the  corresponding  portion  of  the 
internal  surface  of  the  opposite  hemisphere.  The  inferior  surface  is  irregular  and 
is  adapted  to  the  anterior  and  middle  cranial  fossse  of  the  cranial  floor  and,  behind 
these,  to  the  upper  surface  of  the  tentorium  cerebelli.  Traversing  this  surface  in  a 
transverse  direction,  nearer  the  anterior  end  of  the  hemisphere  than  the  posterior 
end,  is  the  stem  of  the  Sylvian  fissure.  This  deep  cleft  divides  the  inferior  surface 
into  an  anterior  or  orbital  area,  which  rests  on  the  orbital  plate  of  the  frontal  bone, 
and  is  consequently  concave  from  side  to  side,  and  a  more  extensive  posterior  or 
tentorial  area,  which  lies  on  the  floor  of  the  lateral  part  of  the  middle  cranial  fossa 
and  upon  the  upper  surface  of  the  tentorium  cerebelli.  This  surface  is  arched 
from  before  backwards,  and  looks  inwards  as  well  as  downwards.  In  its  hinder 
two-thirds  it  lies  above  the  cerebellum,  from  which  it  is  separated  by  the  tentorium 
cerebelli. 
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The  borders  which  intervene  between  these  surfaces  are  the  snpero-mesial,  the 
superciliary,  the  infero-lateral,  and  the  internal  occipital.  The  sup ero -mesial 
border,  convex  from  before  backwards,  intervenes  between  the  convex  external 
surface  and  the  flat  internal  surface  of  the  hemisphere.  The  superciliary  border  is 
highly  arched  and  separates  the  orbital  surface  from  the  external  surface.  The 
infer 0 -lateral  border  marks  off  the  tentorial  surface  from  the  external  surface.  The 
internal  occipital  border  can  only  be  seen  in  cases  where  the  brain  has  been  hardened 
in  situ  and  faithfully  retains  the  natural  form.  It  extends  from  the  posterior  end 
of  the  hemisphere  towards  the  hinder  extremity  of  the  corpus  callosum,  and  inter- 
venes between  the  mesial  and  tentorial  surfaces.  It  is  the  border  which  lies  along 
the  straight  blood  sinus,  and  it  therefore  occupies  the  angle  which  is  formed  by  the 
attachment  of  the  x^osterior  part  of  the  falx  cerebri  to  the  upper  surface  of  the 
tentorium  cerebelli. 

The  most  projecting  part  of  the  anterior  end  of  the  cerebral  hemisphere  is  called 
the  frontal  pole,  whilst  the  most  projecting  part  of  the  hinder  end  is  termed  the 
occipital  pole.  On  the  under  surface  of  the  hemisphere  the  prominent  point  of 
cerebral  substance  which  extends  forwards  below  the  Sylvian  fissure  receives  the 
name  of  the  temporal  pole.  In  a  well-hardened  brain  a  broad  groove  is  usually 
present  on  the  inner  and  lower  aspect  of  the  occipital  pole  of  the  right  hemisphere. 
This  corresponds  to  the  commencement  of  the  right  lateral  venous  sinus.  A  less 
distinct  groove  on  the  occipital  pole  of  the  left  hemisphere  frequently  indicates  the 
commencement  of  the  left  lateral  sinus.  On  the  tentorial  surface,  a  short  distance 
behind  the  temporal  pole,  a  well-marked  depression  is  always  visible.  This  corre- 
sponds to  the  elevation  on  the  anterior  surface  of  the  petrous  portion  of  the 
temporal  bone  over  the  superior  semicircular  canal. 

Cerebral  Gyri  and  Sulci. — The  surface  of  the  cerebral  hemispheres  is  rendered 
highly  irregular  by  the  presence  of  convolutions  or  gyri,  separated  from  each  other 
by  intervening  furrows  of  very  varying  depth,  termed  sulci  or  fissures.  The  surface 
pattern  which  is  presented  by  these  gyri  and  sulci  is,  in  its  general  features,  the 
same  in  all  normal  human  brains ;  but  when  the  comparison  is  pushed  into  detail 
many  differences  become  manifest,  not  only  in  the  brains  of  different  individuals, 
but  also  in  the  two  cerebral  hemispheres  of  the  same  individual. 

There  are  two  varieties  of  furrows,  viz.  complete  and  incomplete.  The  complete 
fissures  are  few  in  number,  and  are  formed  by  inwardly -directed  infoldings 
involving  the  entire  thickness  of  the  cerebral  wall.  They  consequently  show 
in  the  interior  of  the  cerebral  cavity  or  lateral  ventricle  in  the  form  of  internal 
elevations  on  its  wall.  The  complete  fissures  are  the  following :  (1)  the  dentate  or 
hippocampal  fissure;  (2)  the  anterior  part  of  the  calcarine  fissure ;  and  (3)  a 
portion  of  the  collateral  fissure.  The  incomplete  fissures  are  merely  surface  furrows 
of  varying  depth,  which  do  not  produce  any  effect  on  the  inner  surface  of  the 
ventricular  wall. 

General  Structure  of  the  Cerebral  Hemispheres.— Each  cerebral  hemisphere 
is  composed  of  an  outside  coating  of  gray  matter,  spread  in  a  continuous  and  un- 
interrupted layer  over  its  surface,  and  an  internal  mass  of  white  matter,  which  forms 
a  considerable  part  of  the  immediate  wall  of  the  ventricular  cavity.  The  gray 
coating  is  termed  the  cerebral  cortex,  and  the  internal  white  matter  is  called  the 
medullary  centre.  Each  convolution  shows  a  corresponding  structure.  On  trans- 
verse section  it  is  seen  to  present  an  external  covering  of  gray  cortex,  supported  by 
a  central  core  of  white  matter. 

But,  in  addition  to  the  gray  matter  on  the  outside,  there  are  certain  large 
deposits  of  gray  matter  embedded  in  the  basal  part  of  each  cerebral  hemisphere. 
These  cerebral  nuclei  constitute  the  corpus  striatum,  and,  although  to  some  extent 
isolated  from  the  gray  matter  on  the  surface,  it  can  be  easily  shown  that  at  certain 
points  they  are  directly  continuous  with  it. 

By  means  of  the  convolutions  and  sulci,  the  gray  matter  on  the  surface  of  the 
hemisphere  is  enormously  increased  in  quantity  without  unduly  adding  to  the  bulk 
of  the  organ ;  and,  further,  the  vascular  pia  mater,  which  dips  into  every  fissure,  is 
increased  in  extent  to  a  like  degree.  Opportunity  is,  therefore,  afforded  to  the 
cortical  vessels  of  breaking  up  into  twigs  of  exceeding  fineness  before  they  enter  the 
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substance  of  the  hemisphere.  The  distribution  of  blood  to  the  gray  cortex  is,  in 
this  way,  equahsed  and  rendered  uniform. 

Cerebral  Lobes  and  Interlobar  Fissures. — Certain  of  the  fissures  which 
traverse  the  surface  of  the  cerebrum  are  more  or  less  arbitrarily  chosen  for  sub- 
dividing the  surface  into  districts  or  areas,  which  are  termed  lobes.  These  fissures 
are  termed  interlobar,  and  are  the  following:  (1)  the  fissure  of  Sylvius;  (2)  the 
fissure  of  Eolando ;  (3)  the  parieto-occipital ;  (4)  the  calloso-marginal ;  (5)  the 
collateral ;  and  (6)  the  limiting  sulcus  of  Eeil. 

The  lobes  which  are  mapped  out  by  these  fissures  are :  (1)  the  frontal ;  (2)  the 
parietal ;  (3)  the  occipital ;  (4)  the  temporal ;  (5)  the  insula,  or  the  island  of  Eeil ; 
(6)  the  limbic.  To  these  may  be  added  a  seventh  lobe,  in  no  way  related  to  the 
interlobar  fissures,  viz.  the  olfactory  lobe.  With  the  exception  of  the  occipital  and 
olfactory  lobes  and  the  insula,  this  subdivision  of  the  hemisphere  possesses  little 
morphological  value,  and  is  chiefly  adopted  for  topographical  purposes. 

Fissure  of  Sylvius  (fissura  cerebri  lateralis). — This  is  the  most  conspicuous 


Fig.  446. — Gyri  and  Sulci,  on  the  outer  surface  of  the  cerebral  hemisphere. 


Sulcus  frontalis  superior. 

r. 

Fissure  of  Rolando. 

Sulcus  frontalis  inferior. 

g.s. 

Superior  genu. 

f.m. 

Sulcus  frontalis  medius. 

g-i- 

Inferior  genu. 

p.m. 

Sulcus  paramedians. 

d. 

Sulcus  diagonalis. 

A. 

Pars  basilaris. 

Superior  temporal  sulcus  (parallel  sulcus). 

B. 

Pars  triangularis. 

Inferior  temporal  sulcus. 

C. 

Pars  orbitalis. 

P^. 

Inferior  postcentral  sulcus. 

S. 

Sylvian  fissure. 

P-- 

Superior  postcentral  sulcus. 

s^. 

Anterior  horizontal  limb  (Sylvian  fissure). 

P^ 

Ramus  horizontalis. 

Ascending  limb  (Sylvian  fissure). 

P^. 

Ramus  occipitalis. 

Posterior  horizontal  limb  (Sylvian  fissure). 

s.o.t. 

Sulcus  occipitalis  transversus. 

s.asc. 

Ascending  terminal  part  of  the  posterior  hori- 

occ. lat.  Sulcus  occipitalis  lateralis  (the  sulcus  luna' 

zontal  limb  of  the  Sylvian  fissure. 

of  Elliot  Smith). 

p.c.i. 

Inferior  praecentral  sulcus. 

cm. 

Calloso-marginal  sulcus. 

p.c.s 

Superior  prcecentral  sulcus. 

c.t.r. 

Inferior  transverse  furrow. 

fissure  on  the  surface  of  the  cerebral  hemisphere.  It  is  composed  of  a  short  main 
stem,  from  the  outer  extremity  of  which  three  branches  or  limbs  radiate.  The 
stem  of  the  Sylvian  fissure  is  placed  on  the  inferior  surface  of  the  hemisphere.  It 
begins  at  the  locus  perforatus  anticus  in  a  depression  termed  the^vaflecula  Sylvii. 
From  this  it  passes  horizontally  outwards,  forming  a  deep  cleft  between  the 
temporal  pole  and  the  orbital  surface  of  the  frontal  lobe.  Appearing  on  the 
outer  surface  of  the  hemisphere  at  a  point  called  the  Sylvian  point,  the  Sylvian 
fissure  immediately  divides  into  three  radiating  branches.    These  are :  (1)  the 
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ramus  horizontalis  posterior ;  (2)  the  ramus  horizontalis  anterior ;  (3)  the  ramus 
anterior  ascendens. 

The  posterior  horizontal  limb  is  the  longest  and  best  marked  of  the  three  limbs. 
It  extends  backwards,  with  a  slight  inclination  upwards  on  the  outer  surface  of  the 
hemisphere  for  a  distance  which  may  vary  from  about  two  to  three  inches.  It 
intervenes  between  the  frontal  and  parietal  lobes  which  lie  above  it  and  the 
temporal  lobe  which  lies  below  it,  and  it  finally  ends  in  the  region  subjacent  to  the 
parietal  eminence  of  the  cranial  wall  by  turning  upwards  into  tlie  parietal  lobe  in 
the  form  of  an  ascending  terminal  apiece. 

The  anterior  horizontal  limb  extends  horizontally  forwards  in  the  frontal  lobe  for 
a  distance  of  about  three-quarters  of  an  inch  immediately  above  and  parallel  to  the 
posterior  part  of  the  superciliary  margin  of  tlie  hemisphere. 

The  ascending  limb  proceeds  upwards,  with  a  slight  inclination  forwards,  into  the 
lower  part  of  the  outer  surface  of  the  frontal  lobe  Ibr  a  distance  of  about  an  inch. 
In  many  cases  the  two  anterior  limbs  spring  from  a  common  stem  of  greater  or 
less  length,  and  not  infrequently  both  are  replaced  by  a  single  anterior  limb. 

Limiting  Sulcus  of  Reil  (sulcus  circularis  Reilii). — -If  the  lips  of  the  posterior 
horizontal  limb  of  the  Sylvian  fissure  be  widely  pulled  asunder  from  each  other,  the 
insula  or  island  of  Reil  will  be  seen  at  the  bottom.  The  insular  district  of  the 
cortex  is  completely  hidden  from  view  when  the  Sylvian  fissure  is  closed  by  over- 
lapping portions  of  the  cerebral  hemisphere,  and,  when  brought  into  view  in  the 
manner  indicated,  it  is  observed  to  present  a  triangular  outline  and  to  be  surrounded 
by  a  limiting  sulcus,  of  which  three  parts  may  be  recognised,  viz. :  an  per  'part, 
bounding  it  above  and  separating  it  from  the  parietal  and  frontal  lobes ;  a  lower 
part,  marking  it  off  below  from  the  temporal  lobe;  and  an  anterior  part,  separating 
it  in  front  from  the  frontal  lobe. 

Opercula  Insulse. — The  overlapping  portions  of  the  cerebral  substance  which 
cover  over  the  insula  are  termed  the  insular  opercula,  and  they  form,  by  the  apposi- 
tion of  their  margins,  the  three  limbs  of  the  Sylvian  fissure.  The  opercula  are  four 
in  number  and  are  named :  (1)  temporal ;  (2)  fronto-parietal ;  (3)  frontal ;  and  (4) 
orbital.  The  limbs  of  the  Sylvian  fissure  cut  right  through  between  the  different 
opercula  and  extend  from  the  exposed  surface  of  the  hemisphere  to  the  submerged 
surface  of  the  insula,  and,  in  this  manner,  separate  the  opercula  from  each  other. 

The  temporal  operculum  extends  upwards  over  the  insula  from  the  temporal  lobe, 
and  its  upper  margin  forms  the  lower  lip  of  the  posterior  horizontal  limb  of  the 
Sylvian  fissure. 

The  fronto-parietal  operculum  is  carried  downwards  from  the  parietal  and  frontal 
regions  over  the  insula,  and  its  lower  margin,  meeting  the  temporal  operculum, 
forms  the  upper  lip  of  the  posterior  limb  of  the  Sylvian  fissure. 

The  frontal  operculum  is  the  small  triangular  piece  of  cerebral  substance  which 
intervenes  between  the  ascending  and  anterior  horizontal  limbs  of  the  Sylvian 
fissure.  It  covers  over  a  small  part  of  the  anterior  portion  of  the  insula,  and  is 
sometimes  termed  the  pars  triangularis. 

The  orbital  operculum  is,  for  the  most  part,  on  the  under  surface  of  the  hemi- 
sphere. It  lies  below  and  to  the  inner  side  of  the  anterior  horizontal  limb  of  the 
Sylvian  fissure,  and  proceeds  backwards  from  the  orbital  aspect  of  the  frontal  lobe 
over  the  fore-part  of  the  insula. 

Development  of  the  Sylvian  Fissure  and  of  the  Insular  District  of  the  Cerebral  Hemi- 
sphere.— It  is  only  during  tlie  latter  half  of  tlie  intrauterine  j^eriod  of  development  that  the 
opercula  take  sliajDe  and  grow  over  the  insula,  so  as  to  shut  it  out  from  the  surface.  In  its  early 
condition  the  insula  presents  the  form  of  a  depressed  area  on  the  side  of  the  cerebral  hemisphere, 
surrounded  by  a  distinct  boundary  wall  formed  by  the  surrounding  more  elevated  surface  of  the 
hemisphere  (Fig.  447,  A).  After  a  time  this  depressed  area,  which  is  called  the  Sylvian  fossa, 
assumes  a  triangular  outline,  and  then  the  bounding  wall  is  observed  to  be  composed  of  three 
distinct  parts,  viz.  :  an  upper  or  fronto-j)arietal,  a  lower  or  temporal,  and  an  anterior  or  orbital 
part  (Fig.  447,  B).  The  rounded  angle,  formed  by  the  meeting  of  the  upper  and  anterior  j^ortions 
of  the  boundary,  now  becomes  flattened,  and  a  short  oblique  part  of  the  limiting  wall,  termed  the 
frontal  j^ortion,  assumes  shape  in  this  position.  Each  of  these  four  portions  of  the  bounding 
wall  of  the  Sylvian  fossa  becomes  a  line  of  growth,  from  which  an  operculum  takes  origin,  and 
by  the  approximation  of  these  opercula,  as  they  grow  over  the  surface  of  tlie  Sylvian  fossa,  the 
insula  becomes  closed  in  and  the  limbs  of  the  Sylvian  fissure  are  formed  (Fig.  448). 
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The  temporal  and  fronto-jjarietal  opercula  make  their  appearance  somewhere  about  the  end 
of  the  fifth  month  of  foetal  development,  long  before  the  other  two  opercula  show  any  indication 
of  growth.  The  temporal  operculum  grows  more  rapidly  than  tlie  fronto -parietal  ;  so  that,  when 
the  margins  of  these  two  opercula  come  together  to  form  the  posterior  limb  of  the  Sylvian  fissure, 
there  is  a  greater  extent  of  the  Sylvian  fossa  covered  by  the  temporal  operculum  than  by  the  fronto- 
parietal operculum.  This  accounts  for  the  more  oblique  direction  of  the  Sylvian  fissure  in  the  foetal 
brain.  But  at  this  stage  a  growth-antagonism  between  the  two  ojpercula  takes  place,  and  in  this 
the  fronto-parietal 


operculum  proves  the 
victor.  The  contigu- 
ous lips  of  the  two 
opercula  become,  in  the 
first  instance,  tightly 
pressed  together,  and 
then,  as  the  upper  oper- 
culum proves  the 
stronger  and  the  more 
vigorous  in  its  growth, 
the  posterior  limb  of 
the  Sylvian  fissure  be- 
comes gradually  de- 
pressed until  it  assumes 
the  inclination  char- 
acteristic of  the  adult. 
It  would  appear  that 
the  opercular  growth - 
antagonism  which  pro- 
duces this  effect  in  the 
human  brain  does  not 
occur  to  the  same  ex- 
tent, if  indeed  it  occurs 
at  all,  in  the  a23e 
is  evident  from  the  ob 


Fig.  447. 


-Three  Stages  in  the  Development  of  the  Insula  and  the 
Insular  Opercula. 


A,  Right  cerebral  lieniisphere  from  a  foetus  hi  the  latter  part  of  the  fourth  month 
of  development  ;  B,  Riglit  cerebral  hemisphere  from  a  foetus  in  the  hfth 
month  of  development  ;  C,  Right  cerebral  hemisphere  from  a  foetus  in  the 
latter  part  of  the  eighth  month  of  development. 
In  C  the  temporal  operculnm  has  been  removed,  and  thus  a  large  part  of  the 
insula  is  exposed.  The  outline  of  the  temporal  operculum  is  indicated  by  a 
dotted  line. 

This  F.P.  Fronto-parietal  operculum.     F,  Frontal  operculum.    0,  Orbital  operculum. 


lique  direction  of  the  posterior  limb  of  tlie  Sylvian  fissure  in  the  simian  brain.  The  greater 
growth-energy  of  the  fronto-parietal  operculum  in  the  human  brain  is  not  confined  to  the 
foetal  stage  of  development,  but  is  carried  into  the  earlier  stages  of  infantile  growth,  and  it  is 
probable  that  it  is  due  to  an  extension  of  that  district  of  the  cortex  in  which  the  centres 
for  the  skilled  movements  of  the  upper  limbs  reside,"  and  also  to  an  extension  of  Flechsig's 
parieto-occij^ital  association  area. 

The  orbital  and  frontal  opercula  are  late  in"' appearing  and  very  tardy  in  their  growth. 
Indeed,  it  is  only  during  the  course  of  the  first  year^o^ijT&iryieJJie^      they  come  into  apposition 


Fig.  448. — Diagram  to  Illustrate  the  Development  of  the  Opercula  which  cover  the  Insula. 

A,  Sylvian  fossa  before  opercula  be-in  to  form  ;  B,  Fronto-parietal  and  temporal  opercula  well  advanced  ; 
C,  All  the  four  opercula  developed  but  not  in  ajiposition. 

F.P.  Fronto-parietal  operculum.  O.R.  Orbital  wall  of  fossa.  s^.  Anterior  horizontal  limb  of  Sylvian  fissure. 
T.     Temporal  operculum.  F.     Frontal  operculum.         s^.  Ascending  limb. 

0.     Orbital  operculum. 


F.R.  Frontal  wall  of  fossa. 


s"^.  Posterior  horizontal  limb. 


with  each  other  and  with  the  other  two  opercula,  so  as  to  close  in  the  fore-part  of  the  Sylvian  fossa 
and  form  the  anterior  limbs  of  the  Sylvian  fissure.  They  do  not  begin  to  take  shaj)e  until  more 
than  half  of  the  Sylvian  fossa  has  already  been  closed  by  the  fronto-jDarietal  and  the  temporal 
opercula.  The  orbital  operculum  appears  first  and  is  much  more  constant  in  its  growth  than 
the  frontal  operculum,  which  indeed  frequently  failsaltogether,  and,  even  when  present,  shows 
the  greatest  amount  of  variaBilify'iirthe  degree  to  which  it  is  developed. 

Variations  in  the  degree  of  development  of  the  frontal  023erculum  influence  greatly  the  form 
presented  by  the  two  anterior  limbs  of  the  Sylvian  fissure,  between  which  it  lies.  When  strongly 
develoj^ed,  it  separates  the  two  Sylvian  limbs  from  each  other  to  such  an  extent  that  they  assume 
the  appearance  of  the  letter  U  ;  when  the  frontal  operculum  is  less  strongly  marked,  the  anterior 
Sylvian  limbs  may  assume  a  V  form  or  a  Y  form.  In  the  latter  case,  the  orbital  and  the  fronto- 
parietal opercula  meet  below  the  frontal  operculum  to  form  the  stem  of  the  Y.    In  those  cases 
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where  the  frontal  operculiun  is  absent  altogether,  a  single  anterior  limb  of  the  Sylvian  fissure  is 
the  result. 

The  late  appearance,  the  slow  growth,  the  variability  of  these  two  opercula,  and  also  the 
tendency  to  abortive  growth  or  complete  suppression  of  the  frontal  operculum,  all  bespeak  the 
fact  that,  from  a  phylogenetic  point  of  view,  the  frontal  and  orbital  opercula  are,  comparatively 
speaking,  recent  productions  in  the  evolution  of  the  human  brain.  In  the  anthropoid  aj^e  they 
are  absent,  and,  consequently,  the  fore-j^art  of  the  island  of  Reil  is  exposed  on  the  surface  of  the 
simian  brain.  The  same  condition  is  not  at  all  an  uncommon  occurrence  in  the  brain  of  the 
microcephalic  idiot. 

Fissure  of  Rolando  (sulcus  centralis). — The  fissure  of  Kolando  takes  an  oblique 
course  across  the  outer  convex  surface  of  the  cerebral  hemisphere,  and  intervening 
between  the  frontal  and  parietal  lobes  it  forms  the  immediate  posterior  boundary 
of  the  motor  area  of  the  cortex.  Its  upper  end  cuts  the  supero-mesial  border  of 
the  hemisphere  a  short  distance  behind  the  mid-point  between  the  frontal  and 
occipital  poles,  whilst  its  lower  end  terminates  above  the  middle  of  the  posterior 
horizontal  limb  of  the  fissure  of  Sylvius.    Its  superior  extremity,  as  a  rule,  turns 

round  the  supero-mesial  border  of  the 
hemisphere,  and  is  then  continued  back- 
wards for  a  short  distance  on  the  mesial 
surface.  Although,  in  its  general  direc- 
tion, the  fissure  is  oblique,  it  is  very  far 
from  being  straight.  It  takes  a  sinuous 
course  across  the  hemisphere.  This  is 
largely  due  to  the  area  of  cortex  which 
represents  the  motor  centre  for  the  arm, 
and  which  lies  in  front  of  the  sulcus, 
growing  baclvAvards  in  the  course  of  its 
development  so  as  to  produce  a  bay  in 
the  fissure  within  which  this  portion  of 
the  cortex  is  accommodated.  The  bends 
in  the  fissure  which  indicate  the  upper 
and  lower  limits  of  the  arm  centre  (Grlin- 
baum  and  Sherrington)  are  termed 
respectively  the  superior  and  hi^erior 
genua.  The  angle  which  the  general 
Fig.  449. -Fissure  of  Rolando  fully  opened  up,  direction  of  the  fissure  of  Kolando  makes 


so  as  to  exhibit  the  interlocking  gyri  and  deep 
annectant  gyrus  within  it. 


with  the  mesial  plane  is  termed  the 
Rolandic  angle.  In  the  adult  brain  the 
average  E-olandic  angle  is  71°  7',  and  the  limits  of  variation  would  appear  to  be  69° 
and  74°. 


AVhen  the  fissure  of  Eolando  is  widely  opened  up,  so  that  its  bottom  and  its  opposed  sides  may 
be  fully  inspected,  it  will  be  seen  that,  between  the  two  genua,  the  two  bounding  convolutions  are 
dovetailed  into  each  other  by  a  number  of  interlocking  gyri,  which  do  not  appear  on  the  surface 
(Fig.  449).  Further,  two  of  these,  jDlaced  on  opposite  sides  of  the  fissure,  are  frequently  joined 
across  the  bottom  of  the  sulcus  in  the  form  of  a  sunken  bridge  of  Qonnexion,  which  constitutes 
what  is  termed  a  deep  annectant  gyrus.  The  continuity  of  the  fissure  is  thus,  to  some  extent, 
interrupted.  This  condition  is  rendered  interesting  when  considered  in  connexion  with  the 
development  of  the  sulcus.  The  deep  interlocking  gyri  indicate  a  great  exuberance  of  cortical 
growth  in  this  situation  in  the  early  stages  of  the  development  of  the  fissure  ;  and  the  presence  of 
the  deep  annectant  gyrus  is  explained  by  the  fact  that  the  fissure  of  Rolando  generally  develops  in 
two  pieces,  which  run  into  each  other  to  form  the  continuous  sulcus  of  the  adult,  viz.  a  part  cor- 
responding to  the  lower  two-thirds,  and  an  upper  jDart,  which  represents  the  upper  third  and 
which  appears  at  a  slightly  later  date.  In  certain  very  rare  cases  the  fissure  of  Eolando  is  found  to 
remain  douljle  throughout  life,  through  a  failure  of  its  two  pieces  to  unite.  In  such  cases  the  deep 
annectant  gyrus,  which  is  frequently  seen  at  the  bottom  of  the  furrow,  remains  on  the  surface. 
Heschl,  who  examined  2174  cerebral  hemispheres,  only  found  this  anomaly  six  times  ;  Eberstaller 
met  with  it  twice  in  200  brains. 

Parieto-occipital  Fissure. — A  small  part  of  this  fissure  appears  on  the  outer 
face  of  the  cerebral  hemisphere.  For  the  most  part  it  is  situated  on  the  internal 
surface.  It  is  customary,  therefore,  to  describe  an  external  parieto-occipital  and 
an  internal  parieto-occipital  fissure.  It  must  be  clearly  understood,  however,  that 
they  are  directly  continuous  with  each  other  round  the  supero-mesial  border  of  the 
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hemisphere.  The  parieto- occipital  fissure-  intervenes  between  the  parietal  and 
occipital  lobes. 

The  external  parieto-occipital  fissure  cuts  the  supero-mesial  border  of  the  hemi- 
sphere in  a  transverse  direction  at  a 
distance  of  from  one  and  a  half  to  two 
inches  in  front  of  the  occipital  pole. 
It  is,  as  a  rule,  not  more  than  about  a 
half  an  inch  long,  and  it  is  brought 
to  an  abrupt  termination  by  an  arching 
convolution,  which  winds  round  its 
extremity  and  receives  the  name  of  i 
arcus  parieto-occipitalis.  #  \ 

The  internal  parieto-occipital  fissure  f 
is  carried  downwards  on  the  inner  ^ 
surface  of  the  hemisphere  in  a  nearly 
vertical  direction  as  a  conspicuous  and 
deep  cleft.  A  short  distance  behind 
the  hinder  end  of  the  corpus  callosum 
its  lower  extremity  runs  into  the 
calcarine  fissure. 


p.c.s. 

]).C.i. 


Fig.  450. — Left  Cerebkal  Hemisphere,  from  a  fcetus  in 
the  early  part  of  the  seventh  month  of  development. 

Sulcus  praecentralis  superior. 
Sulcus  prtecentralis  inferior. 
Lower  part  of  Kolandic  fissure. 
Upper  part  of  Eolandic  fissure. 
Inferior  postcentral  sulcus  "~| 

Ramus  horizontalis  |- Intraparietal  fissure. 

Ramus  occipitalis  J 
External  perpendicular  fissure  of  Bischoff. 
Parallel  sulcus. 
Sylvian  fossa. 
Fronto-parietal  wall. 
Frontal  wall. 
Orbital  wall. 


The  parieto-occipital  fissure  is  developed, 
as  a  rule,  after  the  manner  of  a  complete 
fissure.  In  the  fcetal  brain  it  forms  a  very 
evident  infolding  of  tlie  cerebral  wall.  In 
the  adult  brain,  however,  it  does  not  form 
any  eminence  on  the  inner  Avail  of  the 
ventricle,  because  it  does  not  extend  down- 
wards as  far  as  the  cavity.  The  wall  of  the 
ventricle  during  the  growth  o.f  the  he-mi- 
sphere  has  thickened  to  such  an  extent  that  the  part  c(Jrresponding  to  the  fissure  has  become  solid. 

Collateral  Fissure  (fissura  collateralis). — The  collateral  sulcus  is  a  strongly- 
marked  fissure  on  the  tentorial  face  of  the  cerebral  hemisphere.  It  begins  near 
the  occipital  pole  and  extends  forwards  towards  the  temporal  pole.  In  its  posterior 
part  it  is  placed  below,  and  parallel  to,  the  calcarine  fissure,  whilst  in  front  it, is 


p  • 
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t^ 

S. 
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Fig.  HE  Gyri  and  Sulci  on  the  Mesial  Aspect  of  the  Cerebral  Hemisphere. 

r.  Fissure  of  Rolando,    r.o.  Rostral  sulcus,    i.t.  Incisura  temporalis. 

separated  from  the  hippocampal  or  dentate  fissure  by  the  hippocampal  gyrus,  which 
is  the  innermost  convolution  on  the  tentorial  surface  of  the  hemisphere. 

In  front  of  the  anterior  extremity  of  the  collateral  fissure  a  shallow  sulcus  turns 
round  the  anterior  end  of  the  temporal  lobe,  so  as  to  intervene  between  the  temporal 
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pole  and  the  uncinate  or  hook-like  extremity  of  the  hippocampal  convolution. 
This  is  the  incisura  temporalis,  or  ecto-rhinal  fissure.  The  collateral  fissure  and  the 
incisura  temporalis  intervene  between  the  Innbic  and  temporal  lobes. 

The  collateral  fissure  is  develo]3ed,  as  a  rule,  in  three  portions — a  hinder  or  occipital,  an 
intermediate,  and  an  anterior  or  temporal  part.  These  ultimately  run  into  each  other  and  form 
the  continuous  fissure.  The  middle  part  is  usually  a  complete  fissure  and  responsible  for  the 
production  of  the  eminentia  collateralis  -posterior  in  the  fioor  of  the  trigonum  of  the  lateral 
ventricle  ;  the  temporal  part  is  sometimes  a  comj^lete  fissure,  forming  when  it  is  so  the  eminentia 
collateralis  anterior ;  the  occipital  j^art  is  always  incomplete, 

Oalloso-marginal  Fissure. — This  fissure  is  a  strongly-marked  sulcus  on  the 
fore-part  of  the  mesial  surface  of  the  hemisphere.  It  divides  the  front  portion  of 
the  mesial  surface  into  an  upper  marginal  and  a  lower  callosal  convolution,  and 
intervenes  between  the  frontal  and  limbic  lobes.  Beginning  below  the  fore-end  of 
the  corpus  callosum,  close  to  the  locus  perforatus  anticus,  the  calloso-marginal 
fissure  curves  round  in  front  of  the  genu  of  the  corpus  callosum,  and  then  extends 
backwards  to  a  point  a  short  distance  behind  the  middle  of  the  mesial  surface.  It 
then  turns  upwards  and  cuts  the  supero-mesial  border  of  the  hemisphere,  immed- 
iately behind  the  upper  end  of  the  fissure  of  Rolando.  The  relation  presented  by 
the  two  extremities  of  these  fissures  is  such  that  they  can  both  be  readily  recognised 
either  when  examined  on  the  outer  or  mesial  aspect  of  the  cerebrum. 

The  calloso-marginal  sulcus  is  developed  in  two  or  three  separate  pieces,  which,  as  growth 
proceeds,  run  into  each  other  and  form  the  continuous  fissure.  The  numerous  cases  of  irregular 
arrangement  met  with  in  connexion  with  ^this  fissure  can  generally  be  exj^lained  by  this  inter- 
rupted mode  of  development. 

Frontal  Lobe. — The  Irontal  lobe  is  the  largest  of  the  cerebral  lobes.  On  the 
outer  surface  of  the  hemisphere,  it  is  bounded  behind  by  the  fissure  of  Eolando 
and  below  by  the  posterior  horizontal  limb  of  the  fissure  of  Sylvius.  On  the  mesial 
face  it  is  limited  by  the  calloso-marginal  fissure,  whilst  on  the  inferior  surface  of 
the  hemisphere  the  stem  of  the  Sylvian  fissure  forms  its  posterior  boundary.  It 
presents  an  outer  surface,  a  mesial  surface,  and  an  inferior  or  orbital  surface. 

On  the  outer  surface  of  the  frontal  lohe  the  following  sulci  and  gyri  may  be 
recotrnised : — 


Sulci  - 


Sulcus  prajcentralis  inferior. 
Sulcus  prsecentralis  superior. 
Sulcus  paramedians. 
Sulcus  frontalis  superior. 
Sulcus  frontalis  medius. 
Sulcus  frontalis  inferior. 
Sulcus  diagonalis. 
Sulcus  fronto-marginalis. 


Gyri 


Gyrus  frontalis  ascendens  or  gyrus 
centralis  anterior. 

Gyrus  frontalis  superior   -f  P^^'^  ^^P^^^^^'- 
^  \^pars  interior. 

Gyrus  frontalis  medius  superior. 

l^pars  inferior. 
f  pars  basilaris. 
Gyrus  frontalis  inferior    j  pars  triangul- 
I  aris. 
Ipars  orbitalis. 

The  inferior  prsecentral  sulcus  consists  of  a  vertical  and  a  horizontal  part,  and 
when  developed  in  a  typical  manner,  it  presents  a  figure  like  the  letter  T  or  F. 
The  vertical  portion  lies  in  front  of  the  lower  part  of  the  fissure  of  Rolando,  whilst 
the  horizontal  part  extends  obliquely  forwards  and  upwards  into  the  middle  frontal 
convolution. 

The  superior  prsecentral  sulcus  is  a  short  vertical  sulcus  which  lies  at  a  higher 
level  than  the  inferior  prascentral  furrow,  in  front  of  the  upper  part  of  the  fissure 
of  Rolando.  It  is  almost  invariably  connected  with  the  hinder  end  of  the  superior 
frontal  sulcus. 

The  anterior  central  convolution  (ascending  frontal  gyrus)  is  a  long  continuous 
gyrus,  which  is  limited  in  front  by  the  two  prsecentral  furrows  and  behind  by 
the  fissure  of  Rolando.  It  extends  obliquely  across  the  hemisphere  from  the 
Bupero-niesial  margin  above  to  the  posterior  hoidzontal  limb  of  the  Sylvian  fissure 
below. 

The  superior  frontal  sulcus  extends  forwards  in  a  more  or  less  horizontal  direc- 
tion from  the  sulcus  prsecentralis  superior. 

The  gyrus  frontalis  superior  is  the  narrow  convolution  between  the  supero-mesial 
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border  of  the  hemisphere  and  the  superior  frontal  sulcus.  It  takes  a  horizontal 
course  to  the  frontal  pole. 

The  inferior  frontal  sulcus  occupies  a  lower  level  than  the  superior  frontal  furrow. 
Its  hinder  end  is  placed  in  the  angle  between  the  vertical  and  horizontal  parts  of 
the  inferior  praecentral  sulcus,  and  is  not  infrequently  confluent  with  one  or  other 
of  these.  It  proceeds  forwards  towards  the  superciliary  margin  of  the  hemisphere 
and  ends  a  short  distance  from  this  in  a  terminal  bifurcation. 

The  gyrus  frontalis  medius  is  the  name  given  to  the  broad  convolution  which 
lies  between  the  superior  and  inferior  frontal  sulci. 

The  gyrus  frontalis  inferior  is  that  portion  of  the  outer  surface  of  the  frontal 
lobe  which  is  placed  in  front  of  the  inferior  prsecentral  sulcus  and  below  the  inferior 
frontal  sulcus.  The  inferior  frontal  convolution  is  cut  into  three  pieces  by  two 
anterior  limbs  of  the  Sylvian  fissure.  These  are  termed  the  pars  basilaris,  the  pars 
triangularis,  and  the  pars  orbitalis. 

The  pars  basilaris  is  that  part  which  lies  between  the  vertical  limb  of  the  inferior 
prsecentral  sulcus  and  the  ascending  limb  of  the  Sylvian  fissure.  It  forms  the  anterior 
part  of  the  fron to-parietal  operculum,  and  it  is  traversed  in  an  oblique  direction  by 
a  shallow  but  constant  furrow,  termed  the  sulcus  diagonalis.  The  pars  triangularis  is 
simply  another  name  for  the  frontal  operculum.  It  is  triangular  in  form,  and  lies 
between  the  anterior  ascending  and  the  anterior  horizontal  limbs  of  the  Sylvian 
fissure.  The  pars  orbitalis  is  placed  below  the  anterior  horizontal  limb  of  the 
Sylvian  fissure. 

The  inferior  frontal  convolution  possesses  a  special  interest  on  account  of  tlie  localisation 
witMn  it,  on  the  left  side,  of  the  speech  centre.  From  it,  also,  the  front  part  of  the  fronto-parietal 
and  the  whole  of  the  frontal  operculum  are  developed.  This  opercular  development  in  connexion 
with  the  inferior  frontal  gyrus  constitutes  a  leading  point  of  difference  between  the  brain  of  man 
and  that  of  the  ape.  Even  in  the  highest  ape  the  inferior  frontal  convolution  is  not  opercular. 
The  frontal  operculum  is  not  jiresent  and  the  anterior  part  of  the  insula  is  exposed  on  the  surface. 
Probably  the  excess  of  growth  which  determines  the  formation  of  the  frontal  operculum  in  man 
has  some  connexion  with  the  development  of  the  speech  centre. 

The  sulcus  paramedians  is  the  term  applied  to  a  series  of  short  irregular  depres- 
sions or  furrows,  arranged  longitudinally,  close  to  the  supero-mesial  border  of  the 
hemisphere.  These  rudimentary  sulci  partially  subdivide  the  superior  frontal  con- 
volution into  an  upper  and  a  lower  part,  and  they  are  of  interest  in  so  far  that  they 
are  not  as  a  rule  developed  in  the  higher  apes,  and  are  deeper  and  better  marked  in 
the  higher  than  the  lower  types  of  human  brain. 

The  sulcus  frontalis  medius  (Eberstaller)  proceeds  horizontally  forwards  in  the 
forepart  of  the  middle  frontal  convolution,  so  as  to  subdivide  it  into  an  upper  and  a 
lower  part.  When  the  furrow  reaches  the  superciliary  margin  of  the  hemisphere 
it  bifurcates,  and  its  terminal  branches  spread  out  widely  and  constitute  a  trans- 
verse furrow,  called  the  fr onto -marginal  sulcus.  The  sulcus  frontalis  medius  is  only 
found  in  man  and  the  anthropoid  apes.    It  is  not  present  in  any  of  the  lower  apes. 

Owing  to  the  subdivision  of  the  superior  and  middle  frontal  convolutions  in  the 
manner  indicated,  the  typical  arrangement  of  the  convolutions  in  the  anterior  part 
of  the  outer  surface  of  the  frontal  lobe  is  in  five  horizontal  tiers,  and  not  in  three 
tiers,  as  formerly  described. 

As  a  rule,  the  sulci  on  the  outer  surface  of  the  frontal  lobe  during  the  process  of  development 
appear  in  the  following  order :  (1)  sulcus  prsecentralis  inferior ;  (2)  sulcus  frontalis  inferior  ; 
(3)  sulcus  prsecentralis  superior  and  sulcus  frontalis  superior ;  (4)  sulcus  frontalis  medius ; 
(5)  sulcus  paramedians.  This  gives  some  indication  of  the  relative  morphological  importance  of 
these  sulci,  although  it  should  be  borne  in  mind  that  the  period  at  which  sulci  appear  on  the 
foetal  brain  cannot  in  every  case  be  taken  as  affording  an  infallible  guide  in  our  attempts  to 
assign  to  them  their  relative  morphological  value. 

On  the  mesial  aspect  of  the  frontal  lohe  there  is  an  elongated  more  or  less 
continuous  convolution,  called  the  gyrus  marginalis.  It  lies  between  the  supero- 
mesial  margin  of  the  hemisphere  and  the  calloso-marginal  fissure.  In  the  fore-part 
of  this  gyrus  one  or  two  curved  sulci  are  usually  present.  They  are  termed  the 
sulci  rostrales.  The  posterior  part  of  the  marginal  convolution  is  more  or  less 
completely  cut  off  from  the  portion  which  lies  in  front.  This  part  is  called  the 
40 
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paracentral  lobule,  and  into  it  the  upper  end  of  the  fissure  of  Eolando  is  prolonged 
as  it  turns  over  the  supero-mesial  border  of  the  hemisphere. 

On  the  orbital  aspect  of  the  frontal  lobe  there  are  two  sulci,  viz.  the  olfactory 
and  the  orbital. 

The  olfactory  sulcus  is  a  straight  furrow  which  runs  parallel  to  the  mesial  border 
of  the  hemisphere.  It  is  occupied  by  the  olfactory  tract  and  bulb,  and  it  cuts  off  a 
narrow  strip  of  the  orbital  surface  close  to  the  mesial  border,  which  receives  the 
name  of  gryus  rectus. 

The  orbital  sulcus  is  a  composite  furrow  which  assumes  many  different  forms. 
As  a  general  rule  it  presents  a  shape  similar  to  that  of  the  letter  H,  and  is  then 
composed  of  three  parts,  viz.  an  external  limb,  an  internal  limb,  and  a  transverse 

limb.  The  external  limb  (sulcus 
orbitalis  externus)  curves  round 
the  orbital  part  of  the  inferior 
frontal  convolution,  so  as  to 
limit  it  on  this  aspect  of  the 
brain.  The  internal  limb  (sulcus 
orbitalis  internus)  is  frequently 
broken  up  into  two  pieces.  It 
marks  off  a  convolution  between 
itself  and  the  olfactory  sulcus, 
called  the  gyrus  orbitalis  in- 
ternus. The  transverse  limb 
(sulcus  orbitalis  transversus) 
takes  a  curved  course  between 
the  internal  and  external  limbs. 
The  district  in  front  is  termed 
the  gyrus  orbitalis  anterior,  and 
that  behind  the  gyrus  orbitalis 
posterior.  The  latter,  in  its 
outer  part,  corresponds  with  the 
orbital  operculum. 

Parietal  Lobe.  —  The 
parietal  lobe  forms  a  consider- 
able part  of  the  external  surface 
of  the  cerebral  hemisphere,  and 
it  also  appears  on  the  inner 
surface  in  the  form  of  the  pr^e- 
cuneus  or  the  quadrate  lobule. 
In  front,  it  is  bounded  by  the 

Fig.  452. — Gyri  and  Sulci  on  tlie  tentorial  and  orbital  aspects  figgnre  of  Holando  which  separ- 


of  the  cerebral  hemispheres. 


ates  it  from  the  frontal  lobe. 


Beloio,  it  is  limited  in  its  fore-part  by  the  posterior  horizontal  limb  of  the  fissure  of 
Sylvius.  Behind  the  upturned  end  of  this  fissure  the  surface  of  the  parietal  lobe 
is  continuous  inferiorly  with  that  of  the  temporal  lobe,  and  an  arbitrary  line  drawn 
backwards  on  the  surface  of  the  brain,  in  continuation  of  the  horizontal  part  of  the 
posterior  limb  of  the  Sylvian  fissure,  is  taken  as  its  inferior  limit.  Posteriorly,  it 
is  separated  from  the  occipital  lobe  at  the  supero-mesial  border  of  the  hemisphere 
by  the  external  parieto-occipital  fissure.  Below  this  fissure  the  surface  of  the 
parietal  lobe  is  continuous  with  that  of  the  occipital  lobe ;  and  an  arbitrary  line 
drawn  across  the  outer  surface  of  the  hemisphere,  from  the  extremity  of  the  external 
parieto-occipital  fissure  to  an  indentation  on  the  infero-lateral  border  of  the  hemi- 
sphere, termed  the  prseoccipital  notch,  may  be  regarded  as  furnishing  a  posterior 
limitation. 


The  23rseoccij)ital  notch  is,  as  a  rule,  only  visible  in  brains  that  have  been  hardened  in  situ.  It 
is  i^laced  on  the  infero-lateral  border  of  the  hemisphere,  about  an  inch  and  a  half  in  front  of  the 
occipital  pole,  and  is  j^roduced  l^y  a  vertical  fold  or  wrinkle  of  the  dura  mater  on  the  deej)  aspect 
of  the  parieto-mastoid  suture,  and  immediately  above  the  highest  part  of  the  lateral  blood-sinus. 

There  is  great  variability  in  the  degree  to  which  this  fold  of  dura  mater  projects  in  different 
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individuals.  In  the  child  it  is  always  very  salient,  and  often  produces  a  deep  cleft  in  tlie  brain, 
but  as  the  full  size  of  the  cranium  is  gradually  attained  it  becomes  much  less  projecting.  In  the 
young  skull  two  or  three  such  folds  in  this  locality  are  frequently  apparent.  Related  to  the  prae- 
occipital  notch  there  are  likewise  some  cerebral  veins  which  turn  round  the  infero-lateral  margin 
of  the  hemisphere  to  join  the  lateral  blood-sinus. 

On  the  mesial  surface  of  the  hemisphere  the  parietal  lobe  is  represented  by 
the  prsecuneus  or  quadrate  lobule.  This  district,  which  is  somewhat  quadrilateral  in 
form,  lies  between  the  upturned  end  of  the  calloso-marginal  sulcus  and  the  internal 
parieto-occipital  fissure.  It  is  imperfectly  separated  below  from  the  limbic  lobe  by 
a  somewhat  variable  furrow  called  the  post-limbic  sulcus. 

The  gyri  and  sulci,  on  the  outer  surface  of  the  parietal  lohe,  are  the  following : — 


Sulci 


Sulcus  intrapari- 
etalis  (of  Tur- 
ner). 


Upturned  ends  of- 
(a)  Sylvian  fissure. 
(h)  Parallel  fissure, 
(c)  Second  tempo- 
ral fissure. 


Sulcus  postcentralis 

inferior. 
Sulcus  postcentralis 

superior. 
Ramus  horizontalis. 
Ramus  occipitalis. 


f  Gyrus   ascendens  jDarietalis 

postcentralis. 
Gyrus  parietalis  superior. 


Gyri 


gyrus 


Gyrus  parietalis  inferior 


Gyrus  supra - 
marginalis. 
Gyrus  angu- 

laris. 
Gyrus  post- 
jDarietalis. 


The  intraparietal  sulcus  (of  Turner)  is  a  composite  furrow,  and  is  built  up 
of  four  originally  distinct  factors.  Two  of  these,  termed  the  sulcus  postcentralis 
inferior  and  the  sulcus  postcentralis  superior,  take  a  more  or  less  oblique  course 
across  the  hemisphere,  and  are  most  frequently  united  into  one  continuous  fissure. 
The  other  two  factors  are  placed  horizontally,  one  behind  the  other,  and  are  termed 
the  ramus  horizontalis  and  the  ramus  occipitalis. 

The  sulcus  postcentralis  inferior  lies  behind  the  lower  part  of  the  fissure  of 
Rolando,  whilst  the  sulcus  postcentralis  superior  occupies  a  similar  position  in 
relation  to  the  upper  part  of  that  fissure.  When  confluent  they  form  a  long,  con- 
tinuous fissure,  which  stretches  across  the  hemisphere  behind  the  fissure  of  Rolando 
and  parallel  to  it. 

The  ramus  horizontalis  is  continuous,  as  a  rule,  with  the  upper  end  of  the  sulcus 
postcentralis  inferior,  and  extends  backwards,  with  a  slight  inclination  upwards 
between  the  superior  parietal  gyrus,  which  lies  above  it,  and  the  inferior  parietal 
gyrus,  which  is  placed  below  it.  With  the  two  confluent  postcentral  sulci  it 
presents  a  figure  like  the  letter  H  placed  on  its  side. 

The  ramus  occipitalis  is  a  curved  sulcus  which  bounds  externally  the  arcus 
parieto-occipitalis,  or,  in  other  words,  the  arching  convolution  which  surrounds  the 
external  parieto-occipital  fissure.  The  ramus  occipitalis  lies  behind  the  ramus 
horizontalis,  and  is  generally  linked  on  to  it ;  less  frequently  it  is  separate.  The 
posterior  end  of  the  ramus  occipitalis  enters  the  occipital  lobe,  and,  behind  the  arcus 
parieto-occipitalis,  bifurcates  into  two  widely  spread-out  branches.  These  form  a 
short  transverse  fissure  in  the  occipital  lobe,  termed  the  sulcus  occipitalis  transversus. 

In  the  human  brain  the  intraparietal  sulcus  is  usually  developed  in  four  separate  pieces, 
corresponding  to  the  four  portions  of  the  fissure  which  have  been  described  as  being  j^resent  in 
the  adult  brain.  The  sulcus  postcentralis  inferior  appears  first  (somewhere  about  the  end  of  the 
sixth  month),  then  the  ramus  occipitalis  and  the  ramus  horizontalis ;  last  of  all  the  sulcus  post- 
centralis superior  comes  into  view.  The  further  development  of  the  sulcus  consists  in  the 
running  together  of  these  early  pieces.  This  takes  place  in  different  ways,  and  not  infrequently 
union  fails  at  one  or  more  points,  and  thus  a  great  variety  of  combinations  may  be  noted 
in  difi'erent  individuals  ;  indeed,  it  may  be  said  that  every  possible  kind  of  combination  may  be 
met  with.  The  most  common  form  which  the  fissure  assumes,  however,  is  that  in  which  all  its 
factors  have  become  confluent  and  one  continuous  furrow  results.  When  such  an  intra23arietal 
furrow  is  widely  opened  up,  certain  deep  annectant  gyri,  which  cross  the  bottom  of  the  sulcus, 
come  into  view.  These  interrupt  the  sulcus  at  the  points  of  union  between  its  several  pieces  and 
indicate  its  original  multiple  formation. 

There  is  reason  to  believe  that  three  of  the  elements  of  the  human  intraparietal  sulcus,  viz. 
the  sulcus  postcentralis  inferior,  the  ramus  horizontalis,  and  the  ramus  occipitalis,  are  disru23ted 
portions  of  the  primitive  single  continuous  fissure  which  is  seen  in  certain  of  the  lower  apes 
(Cebus),  whilst  one,  the  sulcus  postcentralis  superior,  is  a  superadded  element. 

There  is  a  strong  analogy  between  the  postcentral  sulcus,  the  fissure  of  Rolando,  and  the 
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jDreecentral  sulcus.  They  form  a  group  of  radial  sulci  on  the  outer  surface  of  the  foetal  cerebrum 
above  the  Sylvian  region.  The  fissure  of  Eolando  makes  its  appearance  first,  then  the  j)rfecentral 
sulcus,  and,  lastly,  the  postcentral  sulcus.  Each  assumes  shape  in  the  first  instance  in  two  j)ieces, 
viz.  an  upjDer  and  lower.  The  two  pieces  of  the  fissure  of  Eolando  join  early,  and  only  in  very 
rare  instances  remain  separate  ;  the  two  pieces  of  the  postcentral  furrow  usually  join,  but  in  19 
23er  cent  of  cerebral  hemispheres  they  remain  separate  ;  the  two  j)ieces  of  the  j^raecentral  furrow, 
as  a  rule,  remain  separate  and  distinct. 

The  sulcus  transversus  occipitalis,  or  Ijifurcated  extremity  of  the  ramus  occipitalis,  has  been 


Termination  of  Hylviau  fissure 

Fig.  453. — The  Intraparietal  Sulcus  fully  opened  up,  so  as  to  show  its  several  parts  and  the 
deep  annectant  gyri  intervening  betw^een  them. 

p-^.  Sulcus  postcentralis  inferior.  p^.  Kamus  horizontalis. 

p-.  Sulcus  postcentralis  superior.  p"*.  Ramus  occipitalis. 


until  lately  generally  believed  to  be  the  representative  in  the  human  brain  of  the  conspicuous 
"  Afl'ensjDalte,"  in  the  cerebrum  of  the  ape.  The  accuracy  of  this  view  was  challenged  in  1892 
{Gunningham  Memoir,  No.  vii.  Eoy.  Irish  Acad.),  and  recently  Elliot  Smith  has  brought  forward 
evidence  of  a  very  convincing  kind  which  seems  to  show  that  in  the  human  brain  the  "  Aften- 
spalte  "  is  represented  by  the  sulcus  occipitalis  lateralis  of  Eberstaller. 

The  intraparietal  sulcus  maps  out  three  districts  or  gyri  on  the  external  surface 
of  the  parietal  lobe,  viz.  the  posterior  central  convohition,  the  superior  parietal 
gyrus,  and  the  inferior  parietal  gyrus. 

The  upturned  ends  of  the  fissure  of  Sylvius,  of  the  first  temporal  or  parallel 
sulcus,  and  of  the  second  temporal  sulcus  ascend  for  a  short  distance,  one  behind 
the  other,  into  the  inferior  parietal  gyrus. 

The  posterior  central  convolution  (ascending  parietal  convolution)  is  a  long  gyrus 
which  extends  obliquely  across  the  hemisphere  from  the  supero-mesial  border  above 
to  the  Sylvian  fissure  below.  It  is  bounded  in  front  by  the  fissure  of  Rolando  and 
behind  by  the  superior  and  inferior  postcentral  sulci. 

The  superior  parietal  gyrus  is  the  area  of  cerebral  cortex  which  lies  between  the 
supero-mesial  border  of  the  hemisphere  above  and  the  ramus  horizontalis  below.  In 
front  it  is  bounded  by  the  superior  postcentral  sulcus,  whilst  behind  it  is  connected 
with  the  occipital  lobe  by  the  arcus  parieto-occipitalis.  It  is  continuous  round  the 
supero-mesial  border  with  the  prsec uncus. 

The  inferior  parietal  gyrus  lies  below  the  ramus  horizontalis  and  the  ramus  occi- 
pitalis and  behind  the  .inferior  praecentral  sulcus.  It  is  more  or  less  directly  con- 
tinuous with  the  occipital  lobe  behind  and  the  temporal  lobe  below.  From  before 
backwards  it  presents  three  arching  convolutions,  viz.  the  supra-marginal,  the 
angular,  and  the  postparietal.  The  supramarginal  convolution  is  bent  round  the 
upturned  end  of  the  posterior  limb  of  the  Sylvian  fissure,  and  stands  in  continuity 
behind  and  below  this,  with  the  first  temporal  gyrus.  The  angular  convolution 
arches  over  the  upturned  end  of  the  parallel  sulcus  and  becomes  continuous  with 
the  second  temporal  convolution.  The  postparietal  convolution  winds  round  the 
upturned  end  of  the  second  temporal  sulcus  and  runs  into  the  third  temporal  gyrus. 

Occipital  Lobe. — The  occipital  lobe  forms  the  hinder  pyramidal  part  of  the 
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cerebral  hemisphere ;  and  although  very  imperfectly  mapped  off  from  the  temporal 
and  parietal  lobes,  which  lie  in  fiont  of  it,  it  is  nevertheless  one  of  the  most  natural 
subdivisions  of  the  cerebral  hemisphere.  It  is  not  developed  in  the  brain  of  the 
quadruped.  Man  and  the  ape  alone  possess  a  well-marked  occipital  lobe,  and  it 
may  be  define^dT^as  Being  that  part  of  the  hemisphere  which  encloses  the  posterior 
horn  of  the  lateral  ventricle.  Being  pyramidal  in  form,  it  presents  three  surfaces 
and  an  apex  or  occipital  pole.  On  the  mesial  aspect  of  the  hemisphere  it  is 
separated  from  the  parietal  lobe  {i.e.  the  pra^cuneus)  by  the  internal  parieto-occi- 
pital fissure.  On  the  tentorial  or  inferior  surface  it  is  not  marked  off  in  any  way 
from  the  temporal  lobe  and  the  limbic  lobe,  which  lie  in  front  of  it.  It  is  necessary, 
therefore,  on  this  aspect  to  employ  an  arbitrary  line  of  demarcation ;  one  which 
extends  from  the  prgeoccipital  notch  on  the  infero-lateral  border  of  the  hemisphere 
to  the  isthmus  of  the  limbic  lobe  {i.e.  the  narrow  part  of  the  limbic  lobe  immedi- 
ately below  the  hinder  end  of  the  corpus  callosum)  will  serve  the  purpose.  On  the 
external  surface  the  external  parieto-occipital  fissure,  and  an  arbitrary  line  from 
this  to  the  prseoccipital  notch,  may  be  regarded  as  separatmg  the  occipital  from  the 
parietal  and  temporal  lobes.  The  upturned  end  of  the  second  temporal  sulcus  may 
lie  in  the  course  of  this  line. 

On  the  mesial  aspect  of  the  occipital  lobe  we  find :  (1)  the  calcarine  fissure, 
(2)  the  cuneus,  and  (3)  the  gyrus  lingualis. 

The  calcarine  fissure  begins  on  the  occipital  pole  by  a  bifurcated  extremity, 
which  lies  in  the  groove  which  is  formed  on  this  part  of  the  brain  by  the  lateral 
sinus.  From  this  it  pursues  a  slightly  arched  course  forwards,  and  ends  by  cutting 
into  the  limbic  lobe  immediately  below  the  spleuium  or  thickened  hinder  margin  of 
the  corpus  callosum.  The  calcarine  fissure  is  joined  by  the  internal  parieto-occipital 
fissure  at  a  point  somewhat  nearer  its  anterior  than  its  posterior  extremity. 
Together,  the  two  fissures  present  a  -<-shaped  figure.  Between  the  two  limbs  of 
the  Y  is  placed  the  cuneus. 

If  the  calcarine  and  internal  parieto-occipital  fissures  are  opened  up  so  as  to  expose  the 
bottom  in  each  case,  three  well-marked  deep  or  submerged  annectant  gyri  will  usually  be  dis- 
played.  One  of  these,  the  best  marked,  called  the  gyrus  cunei,  marks  off  the  parieto-occipital  from 


ParietoH 


Fia.  454. — Internal  Parieto-occipital  and  the  Calcarine  Fissures  fully  opened  up,  so  aa  to  show  the 
deep  annectant  gyri  marking  off  the  several  elements  of  the  -<-shaped  system. 

the  calcarine  fissure  and  joins  the  cuneus  with  the  limbic  lobe.    In  the  chimpanzee  and  in  the 
lower  apes  the  gyrus  cunei  is  on  the  surface,  and  there  is  no  communication  between  the  two 
fissures  ;  in  the  orang,  gibbon,  and  microcephalic  idiot,  it  may  either  be  submerged  or  on  the 
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surface.  The  second  deep  annectaiit  gyrus,  termed  the  anterior  cuneo-lingual,  crosses  the  bottom 
of  the  calcarine  fissure  a  short  distance  behind  the  point  wliere  it  is  joined  hj  the  parieto-occi- 
pital  fissure,  and  divides  it  into  an  anterior  and  a  posterior  part.  Tlie  anterior  calcarine  fissure  is 
slightly  longer  and  much  deeper  than  the  posterior  part.  It  includes  the  whole  of  the  stem  of 
the  Y-sha]3ed  fissural  arrangement  and  extends  backwards  for  a  short  distance  into  the  cuneus. 
It  is  the  complete  part  of  the  fissure  and  gives  rise  to  an  elevation  on  the  inner  wall  of  the 
posterior  horn  of  the  lateral  ventricle,  to  which  the  name  of  calcar  avis  or  hippocampus  minor  is 
given.  The  posterior  calcarine  fissure  is  shallower  and  is  usually  interrupted  by  the  third  deep 
annectant  gyrus,  viz.  the  posterior  cuneo-lingual ;  this  divides  it  into  two  parts,  of  which  the 


Fig.  455. 


-Development  of  the  Parieto-occipital  and  the  Calcarine  Fissures. 


A,  Mesial  aspect  of  a  left  cerebral  hemisphere  of  a  foetus  approaching  the  end  of  the  fifth  month  of  develop- 
ment ;  B,  Mesial  aspect  of  a  right  cerebral  hemisphere  of  a  foetus  in  the  beginning  of  the  seventh 
month  of  development. 
S.L.  Septum  lucidum.  c'.    Anterior  calcarine  fissure. 

^'  Fornix.  c  .  parts  of  ]:)Osterior  calcarine  fissure. 

U.  Uncus.  c- .  j         '  ^ 

g.d.  Gyrus  dentatus.  c.a.  Anterior  collateral  fissure. 

p.o.  Parieto-occipital  fissure.  cm.  Mid-collateral  fissure. 

hinder  is  little  more  than  the  bifurcated  extremity  of  the  fissure.  Very  frequently  this  deep 
gyrus  reaches  the  surface,  and  then  the  hinder  end  of  the  sulcus  is  completely  cut  oft'.  The 
posterior  calcarine  fissure  is  not  a  complete  fissure. 

When  the  manner  in  which  the  calcarine  fissure  is  developed  is  studied,  the  various  appear- 
ances which  come  into  view  when  the  bottom  of  the  adult  fissure  is  inspected  receive  the  fullest 
explanation.  The  anterior  calcarine  fissure  is  formed  very  early  as  an  infolding  of  the  wall  of 
the  cerebral  hemisphere.  The  posterior  calcarine  fissure  is  a  secondary  formation.  It  appears 
much  later,  and  usually  in  two  pieces,  which  run  together  and  then  join  the  anterior  calcarine 
fissure.    The  points  of  union  are  indicated  in  the  adult  by  the  two  cuneo-lingual  deep  gyri. 

The  cuneus  is  the  wedge-shaped  or  triangular  district,  on  the  mesial  aspect  of 
the  occipital  lobe,  which  lies  between  the  internal  parieto-occipital  and  calcarine 
fissures. 

The  gyrus  lingualis  is  a  well-marked  convolution  between  the  calcarine  fissure 
above  and  the  posterior  part  of  the  collateral  fissure  below,  which  stretches 
forwards  from  the  occipital  pole.  Anteriorly,  it  becomes  very  narrow  and  joins 
the  hippocampal  part  of  the  limbic  lobe.  It  lies  partly  on  the  mesial  surface  and 
partly  on  the  tentorial  surface  of  the  occipital  lobe. 

On  the  teiitoTial  surface  of  the  occi'pital  lohe  there  is  only  one  convolution, 
viz.  the  posterior  part  of  the  occipito- temporal  gyrus.  It  proceeds  continuously 
forwards  into  the  temporal  lobe  on  the  outer  side  of  the  collateral  fissure,  and  is 
bounded  externally  by  the  occipito-temporal  sulcus,  a  furrow  which  is  rarely  con- 
tinuous, but  is  usually  represented  by  a  series  of  detached  pieces. 

There  are  two  well-marked  sulci  on  the  exteriial  surface  of  the  occipital  lohe, 
viz.  the  sulcus  occipitalis  transversus  and  the  sulcus  occipitalis  lateralis.  The  sulcus 
occipitalis  transversus  extends  transversely  across  the  upper  part  of  the  lobe,  behind 
the  arcus  parieto-occipitalis.  As  already  explained,  it  is  the  terminal  bifurcation  of 
the  ramus  occipitalis  of  the  intraparietal  sulcus.  The  sulcus  occipitalis  lateralis  is 
a  short  horizontal,  often  sharply-curved,  furrow,  which  divides  the  outer  surface  of 
the  lobe  into  an  upper  and  a  lower  area  of  very  nearly  equal  extent.  These  areas 
are  connected  by  superficial  annectant  gyri  with  the  parietal  and  temporal  lobes. 

Elliot  Smith  has  brought  forward  very  convincing  proof  in  favour  of  regarding  the 
sulcus  occipitalis  lateralis  as  the  representative  of  the  "  Affenspalte  "  in  the  brain  of  the 
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ape.  He  calls  it  the  sulcus  lunatus  occipitalis,  and  shows  that  in  the  brains  of  Egyptian 
Fellaheen  it  not  infrequently  possesses  an  operculum,  and  presents  an  appearance  which 
closely  corresponds  with  the  condition  distinctive  of  the  gorilla.  The  same  may  occasion- 
ally be  seen  in  the  brain  of  the  aboriginal  Australian. 

Temporal  Lobe. — The  temporal  lobe  lies  behind  the  stem  and  below  the 
posterior  horizontal  limb  of  the  Sylvian  fissure.  It  is  somewhat  pyramidal  in  form, 
and  presents  an  upper,  an  outer,  and  a  tentorial  surface,  with  a  free  projecting  apex 
or  pole.  Above,  it  is  bounded  by  the  posterior  horizontal  limb  of  the  fissure  of 
Sylvius,  together  with  the  artificial  line  which  is  drawn  backwards  from  this.  On 
the  tentorial  face  it  is  separated  from  the  hippocampal  part  of  the  limbic  lobe  by 
the  collateral  fissure,  whilst  behind  it  is  marked  off  from  the  occipital  lobe  by  the 
artificial  lines  already  described.  The  temporal  pole  projects  forwards  on  the  under 
surface  of  the  brain  beyond  the  stem  of  the  Sylvian  fissure.  It  should  be  noticed 
that  the  recurved  end  of  the  hippocampal  part  of  the  limbic  lobe  (uncus),  which  lies 
to  the  inner  side  of  the  temporal  pole,  does  not  extend  so  far  forwards  as  the  latter, 
and  is  separated  from  the  pole  by  the  incisura  temporalis  or  ecto-rhinal  fissure. 

The  upper  or  ope7xular  surface  of  the  tem'poral  lohe  is  turned  towards  the 
island  of  Eeil  and  the  fronto- parietal  operculum.  The  fissure  of  Sylvius  must, 
therefore,  be  widely  opened  up  to  expose  it.  For  the  most  part  the  surface  is 
smooth,  but  towards  the  back  part  there  are  a  few  transverse  furrows,  which 
separate  two  or  three  weakly-expressed  gyri. 

The  anterior  transverse  gyrus  is  much  more  strongly  expressed  in  the  foetal  than  in  the  adult 
brain.  It  appears  in  the  early  part  of  the  seventh  month,  and  is  only  subsequently  completely 
hidden  Avithin  the  Sylvian  fissure.  The  fact  of  the  auditory  centre  being  localised  in  this  region 
of  the  temporal  lobe  makes  this  fact  of  interest. 

On  the  deep  surface  of  the  temporal  pole  there  are  also  a  few  feeble  furrows. 

On  the  outer  surface  of  the  temijoral  lohe  there  are  two  horizontal  sulci,  called 
respectively  the  first  temporal  or  parallel  and  the  second  temporal  sulcus. 

The  parallel  sulcus  is  a  long,  continuous,  and  deep  fissure,  which  begins'  near  the 
temporal  pole  and  proceeds  backwards  below  the  posterior  limb  of  the  Sylvian 
fissure.  Its  hinder  end  turns  upwards  into  the  parietal  lobe  and  is  surrounded  by 
the  angular  gyrus.  The  second  temporal  sulcus  is  placed  midway  between  the 
parallel  sulcus  and  the  infero-lateral  border  of  the  hemisphere.  It  is  very  rare  to 
find  it  in  the  form  of  a  continuous  cleft ;  usually  it  is  broken  up  into  several 
isolated  pieces,  one  behind  the  other.  Its  hinder  part,  which  turns  upwards  into 
the  parietal  lobe,  lies  close  to  the  artificial  line  of  demarcation  between  the  occipital 
and  parietal  lobes,  and  is  surrounded  by  the  postparietal  gyrus. 

By  the  two  temporal  sulci  the  outer  surface  of  the  temporal  lobe  is  mapped  out 
into  three  tiers  of  horizontal  convolutions,  which  are  termed  the  first,  second,  and 
third  temporal  gyri. 

On  the  tentorial  surface  of  the  temporal  lohe  there  is  one  fissure,  termed  the 
occipito-temporal  sulcus.  The  occipito-temporal  sulcus  lies  to  the  outer  side  of  the 
collateral  fissure  and  close  to  the  infero-lateral  margin  of  the  hemisphere.  It  runs 
in  an  antero- posterior  direction,  and  is  not  confined  to  the  temporal  lobe,  but 
extends  backwards  towards  the  occipital  pole.  It  is  usually  broken  up  into  two 
or  more  separate  pieces. 

The  occipito-temporal  convolution  is  situated  between  the  collateral  fissure  and 
the  occipito-temporal  sulcus.  It  extends  from  the  occipital  pole  behind  to  the 
temporal  pole  in  front. 

The  narrow  strip  of  surface  on  the  outer  side  of  the  occipito-temporal  sulcus  is 
continuous,  round  the  infero-lateral  margin  of  the  hemisphere,  with  the  third 
temporal  convolution  on  the  outer  surface  of  the  cerebrum,  and  may  be  reckoned 
as  a  part  of  it. 

The  three  temporal  convolutions  and  the  occipito-temporal  convolutions  run 
into  each  other  at  the  temporal  pole. 

Island  of  Eeil  or  Insula. — The  insula  is  a  triangular  and  somewhat  bulging 
field  of  cerebral  cortex,  which  lies  on  a  deeper  plane  than  the  general  surface  of  the 
hemisphere  and  is  hidden  from  view  by  the  four  opercula  which  overlap  it.  It  is 
circumscribed  by  a  limiting  sulcus  (sulcus  circularis),  already  described,  and  its 
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dependent  apical  part,  which  is  directed  downwards,  is  in  close  relation  to  the 
anterior  perforated  spot  and  the  Sylvian  vallecula.  Here  the  limiting  sulcus  is 
absent  and  the  gray  matter  on  the  surface  of  the  insula  passes  continuously  into 
the  anterior  perforated  spot.    The  place  of  transition  is  called  the  limen  insulse. 

The  insula  is  divided  into  several  diverging  convolutions  by  a  series  of  radiating 
sulci.  Of  the  latter,  one,  which  presents  the  same  direction  and  lies  in  the  same 
plane  as  the  fissure  of  Rolando,  receives  the  name  of  the  sulcus  centralis  insulae 
(Fig.  447,  0,  p.  557).  It  divides  the  insula  into  an  anterior  frontal  imrt  and  a 
posterior  ]parieto -limbic  part. 

Limbic  Lobe. — This  lobe  is  seen  on  the  mesial  surface  of  the  hemisphere  in  the 
form  of  an  elongated  ring -like  convolution,  the  extremities  of  which  approach 
closely  to  each  other  at  the  locus  perforatus  anticus.  These  extremities  are  con- 
nected by  the  roots  of  the  olfactory  tract,  and  in  this  manner  the  limbic  ring  may 
be  considered  to  be  closed.  The  upper  part  of  the  limbic  lobe  is  placed  in  intimate 
relation  to  the  extremities  and  upper  surface  of  the  corpus  callosum,  and  receives 
the  name  of  callosal  convolution  or  gyrus  fornicatus.  The  lower  portion  of  the 
lobe  is  termed  the  hippocampal  convolution  and  forms  the  inner  part  of  the 
tentorial  surface  of  the  hemisphere.  The  continuity  between  the  hippocampal 
gyrus  and  the  callosal  convolution  is  established  below  the  hinder  end  of  the  corpus 
callosum  by  a  narrow  portion  of  the  limbic  lobe,  called  the  isthmus.  From  this 
point  the  hippocampal  convolution  extends  forwards  towards  the  temporal  pole. 
Finally,  on  the  side  of  the  crus  cerebri,  the  hippocampal  gyrus  is  folded  back  on 
itself  and  ends  in  a  recurved  hook-like  extremity  called  the  uncus.  The  uncus  does 
not  reach  so  far  forwards  as  the  temporal  pole. 

The  callosal  convolution  begins  below  the  anterior  end  of  the  corpus  callosum  at 
the  locus  perforatus  anticus,  and,  winding  round  the  genu  of  the  corpus  callosum,  it 
is  continued  backwards  on  its  upper  surface  to  its  hinder  thickened  extremity  or 
splenium.  Curving  round  this,  it  becomes  greatly  narrowed  through  the  calcarine 
fissure  cutting  into  it.  This  narrow  part  is  termed  the  isthmus,  and  constitutes  the 
link  of  connexion  between  the  callosal  gyrus  and  the  hippocampal  gyrus.  The 
callosal  gyrus  is  separated  from  the  marginal  convolution  by  the  calloso-marginal 
fissure,  and  behind  this  it  is  imperfectly  marked  off  from  the  preecuneus  by  the 
post-limbic  sulcus.  The  furrow  which  separates  it  from  the  corpus  callosum  is 
termed  the  callosal  sulcus. 

The  hippocampal  convolution  is  bounded  on  the  outer  side  by  the  anterior  part 
of  the  collateral  fissure,  and  in  front  of  this  by  the  incisura  temporalis,  which 
separates  its  hooked  extremity,  or  uncus,  from  the  temporal  pole.  On  the  inner  side 
it  is  limited  by  the  hippocampal  or  dentate  fissure,  whilst  posteriorly  it  is  divided 
into  two  parts  by  the  anterior  extremity  of  the  calcarine  fissure.  Of  these,  the 
upper  is  the  isthmus,  which  connects  it  with  the  callosal  gyrus,  whilst  the  lower 
portion  brings  it  into  continuity  with  the  gyrus  lingualis.  The  surface  of  the 
hippocampal  convolution  is  covered  by  a  white  reticular  stratum  of  fibres,  termed 
the  substantia  reticularis  alba. 

Altliovigli  the  liiiDpocampal  convolution  and  uncus  in  descii23tive  anatomy  are  classed  together 
there  is  a  marked  morphological  distinction  between  tliem.  The  uncus  is  the  feeble  rej^resentative 
in  man  of  the  important  i^yriform  lobe  in  certain  of  the  lower  mammals,  and  consequently  it 
belongs  to  the  rhinenceplialon  ;  the  hippocampal  convolution,  on  the  other  hand,  is  to  be  regarded 
as  forming  a  part  of  the  neo-'pallium  of  Elliot  Smith.  The  unimportant  incisura  temporalis  of 
the  human  brain  in  lower  types  of  brain  in  which  the  rhinencephalon  bulks  largely  is  represented 
by  the  conspicuous  ecto-rhinal  fissure. 

Gyrus  Dentatus  and  the  Fimbria. — If  the  dentate  fissure,  which  lies  along 
the  inner  side  of  the  hippocampal  convolution,  be  opened  up,  the  gyrus  dentatus 
and  the  fimbria,  lying  side  by  side,  will  be  brought  into  view  (Fig.  451,  p.  559). 

The  fimbria  is  simply  a  portion  of  the  posterior  pillar  of  the  fornix  prolonged 
into  this  region.  It  is  a  conspicuous  band  of  white  matter,  which  presents  a 
prominent  free  border.  In  front  it  runs  into  the  recurved  extremity  of  the  uncus, 
whilst,  if  traced  backwards,  it  will  be  seen  to  curve  upwards  behind  the  posterior 
end  of  the  optic  thalamus  and  become  continuous  with  the  posterior  pillar  of  the 
fornix  below  the  hinder  part  of  the  corpus  callosum. 
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The  gyrus  dentatus  is  the  free  edge  of  gray  matter  which  is  placed  between  the 
fimbria  and  the  deep  part  of  the  upper  surface  of  the  hippocampal  convohition. 
The  groove  between  it  and  the  fimbria  is  termed  the  fimbrio- dentate  sulcus,  whilst 
the  furrow  between  it  and  the  hippocampal  convolution  forms  the  bottom  of  the 
dentate  fissure.  The  dentate  gyrus  is  notched  along  the  margin,  whilst  its  surface 
is  scored  by  numerous  parallel  and  closely-placed  transverse  grooves.  It  begins 
behind  in  the  region  of  the  splenium  or  thickened  posterior  margin  of  the  corpus 
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Fig.  456. — Coronal  Section  through  the  Left  Side  of  the  Cerebrum,  Mesencephalon,  and  Pons, 
IN  the  Region  of  the  Pulvinar  of  the  Thalamus  and  the  Corpora  Geniculata  (Chimpanzee  ; 
Weigert-Pal  specimen). 

callosum,  and  is  carried  forwards  into  the  cleft  of  the  uncus.  From  this  it  emerges 
in  the  form  of  a  delicate  band,  which  crosses  the  surface  of  the  recurved  part  of  the 
uncus  in  a  transverse  direction,  thereby  constituting  the  frenulu^n  Giacomini. 

The  dentate  fissure  is  a  complete  fissure,  and  the  elevation  on  the  ventricular 
wall  which  corresponds  to  it  is  called  the  hippocampus  major.  It  begins  behind 
the  splenium  of  the  corpus  callosum,  where  it  is  continuous  with  a  shallow  part  of 
the  callosal  fissure,  and  it  proceeds  forwards  between  the  gyrus  dentatus  and  the 
hippocampal  convolution.    Its  anterior  end  is  enclosed  within  the  uncus. 

When  coronal  sections  are  made  through  the  callosal  part  of  tlie  limbic  lobe  and  the  subjacent 
corpus  callosum,  the  cortical  gray  matter  is  seen  to  be  reflected  from  the  bottom  of  the  callosal 
fissure  in  the  form  of  an  exceedingly  fine  layer,  which  forms  a  thin  coating  for  the  upper  surface 
of  the  corpus  callosum.  In  the  midst  of  this  certain  delicate  strands  of  longitudinal  fibres,  the 
striae  longitudinales,  are  embedded,  and,  with  the  gray  matter  associated  with  them,  they  re- 
present an  aborted  or  vestigial  convolution,  termed  the  gyrus  supracallosus.  This  gyrus  is  con- 
tinuous with  the  o-vrnR  f1pi-i±,ati]^  round  the  hirirler  margin  of  the  corpus  p.n.llosnui^   _      /    /  a  . 

^fkZ  '  Ju2: — Tc^^r'    jicA/^J-*^  xA^  .h. 

Olfactory  Lobe. — The  olfactory  lobe  is  small  and  rudimentary  in  the  human 
brain,  and  the  description  which  is  given  here  does  not  include  all  the  parts  which, 
from  the  morphological  point  of  view,  belong  to  this  portion  of  the  cerebral  hemi- 
sphere (see  p.  584).  Under  this  heading  we  shall  study  merely :  (1)  the  olfactory 
bulb  and  tract,  with  the  two  roots  of  the  latter;  (2)  the  trigonum  olfactorium. 

The  olfactory  tract  is  a  narrow,  white,  prismatic  band,  which  expands  anteriorly 
into  a  swollen  bulbous  extremity,  termed  the  olfactory  bulb.  Both  the  tract  and 
the  bulb  lie  upon  the  olfactory  sulcus  on  the  orbital  surface  of  the  frontal  lobe. 
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whilst  the  inferior  surface  of  the  bulb  rests  on  the  cribriform  plate  of  the  ethmoid 
bone,  and  receives  the  numerous  olfactory  nerves  which  reach  it  through  the  foramina 
in  that  part  of  the  cranial  floor. 

Posteriorly,  the  olfactory  tract  divides  into  two  diverging  roots.  The  mesial 
root  curves  abruptly  inwards  and  is  continued  into  the  callosal  and  sub-callosal 
gyri.  The  lateral  root  runs  outwards  and  backwards  over  the  outer  part  of  the 
locus  perforatus  anticus,  and  gradually  disappears  from  view.  In  animals,  in 
which  the  olfactory  apparatus  is  better  developed  than  in  man,  it  may  be  traced 
into  what  corresponds  to  the  uncinate  extremity  of  the  hippocampal  convolution 
in  man  (Fig.  380,  p.  474). 

The  trigonum  olfactorium  or  olfactory  tubercle  is  the  small  triangular  field  of 
gray  matter  which  occupies  the  interval  between  the  roots  of  the  olfactory  tract 
at  the  point  where  they  hegin  to  diverge.  Some  filjres  from  the  posterior  end  of 
the  olfactory  tract  enter  the  trigonum,  and,  in  certain  cases,  these  constitute  a 
more  or  less  distinct  middle  root. 

Corpus  Callosum,  Septum  Lucidum,  and  Fornix. 

Corpus  Callosum. — The  corpus  callosum  is  the  great  transverse  commissure 
which  passes  between  the  two  cerebral  hemispheres.    It  is  placed  nearer  the  anterior 


Fig.  457. — The  Corpus  Callosum,  exposed  from  above  and  the  right  half  dissected, 
to  show  the  course  taken  by  its  fibres. 


than  the  posterior  aspect  of  the  brain,  and  it  unites  the  inner  surfaces  of  the  hemi- 
spheres throughout  very  nearly  a  half  of  their  antero-posterior  length.  The  corpus 
callosum  is  highly  arched  from  before  backwards,  and  presents  a  convex  upper 
.surface  and  a  concave  lower  surface. 
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The  upper  surface  of  the  corpus  callosuin  forms  the  bottom  of  the  great  longi- 
tudinal fissure,  and  on  each  side  of  this  it  is  covered  by  the  callosal  gyrus.  Only 
in  its  posterior  part  is  it  touched  by  the  falx  cerebri ;  in  front,  this  process  of  dura 
mater  falls  considerably  short  of  it.  The  upper  surface  of  the  callosum  is  covered 
by  a  thin  layer  of  gray  matter  continuous  at  the  bottom  of  the  callosal  sulcus  with 
the  gray  cortex  on  the  surface  of  the  hemisphere.  In  this  there  are  embedded  on 
either  side  of  the  mesial  plane  two  delicate  longitudinal  bands  of  fibres,  called 
respectively  the  stria  longitudinalis  medialis  and  lateralis.  The  stria  longitudinalis 
medialis  is  the  more  strongly  marked  of  the  two,  and  it  is  separated  from  its  neigh- 
bour of  the  opposite  side  by  a  faint  mesial  furrow.  The  stria  longitudinalis  lateralis 
is  placed  farther  out,  under  cover  of  the  callosal  gyrus.  The  thin  coating  of  gray 
matter,  with  the  two  strise,  represents  an  aborted  convolution,  termed  the  gyrus 
supracallosus.  So  thin  is  the  gray  coating  supplied  by  this  gyrus  that  the  trans- 
verse direction  pursued  by  the  callosal  fibres  proper  can  be  easily  perceived 
through  it. 

The  two  extremities  of  the  corpus  callosum  are  much  thickened,  whilst  the 
intermediate  part  or  body  is  considerably  thinner.  The  massive  posterior  end, 
which  is  full  and  rounded,  lies  over  the  mesencephalon  and  extends  backwards  as 
far  as  the  highest  point  of  the  cerebellum.  It  is  called  the  splenium,  and  it  consists 
of  an  upper  and  a  lower  part.  The  latter  is  bent  forwards  under  the  upper  part,  to 
the  inferior  surface  of  which  it  is  closely  applied.  The  anterior  end  of  the  corpus 
callosum  is  not  quite  so  massive  and  is  folded  downwards  and  backwards  on  itself. 
It  is  termed  the  genu.  The  recurved  lower  part  of  the  genu  is  separated  from  the 
part  of  the  corpus  callosum,  which  lies  above,  by  an  interval.  It  rapidly  thins  as 
it  passes  backwards  and  receives  the  name  of  the  rostrum.  The  fine  terminal  edge 
of  the  rostrum  becomes  connected  with  the  lamina  cinerea. 

The  gyrus  supracallosiis,  witli  its  contained  medial  and  lateral  longitudinal  striae,  when  traced 
backwards,  is  seen  to  turn  round  the  sj^leniuni  and  become  continuous  with  the  gyrus  dentatus. 
In  front  the  mesial  striae,  with  the  associated  gray  matter,  are  carried  round  the  genu  and  then 
backwards  on  the  under  surface  of  the  rostrum.  As  they  turn  round  the  anterior  extremity  of 
the  corpus  callosum,  each  stria  runs  into  the  corresponding  gyrus  subcallosus — a  narrow  cortical 
strip  which  lies  on  the  mesial  surface  of  the  hemisphere  immediately  below  the  genu  of  the 
corpus  callosum.  The  gyrus  subcallosus  is  olten  called  the  peduncle  of  the  corpus  callosum,  and 
the  fibres  of  the  stria  which  it  contains,  emerging  from  its  substance,  proceed  backwards  and 
outwards  along  the  j)osterior  limit  of  the  anterior  perforated  S23ot  towards  the  anterior  extremity 
of  the  temporal  lobe.  Elliot  Smith  has  shown  that  these  parts  have  an  important  morphological 
significance. 

The  under  surface  of  the  corpus  callosum  on  either  side  of  the  mesial  plane  is 
for  the  most  part  free,  and,  lined  by  ependyma^it  forms  the  roof  of  the  anterior_ 
horn^and  body  of  the  lateral  ventrirle.  In  the  mesial  plane,  however,  it  is  attached 
to  subjacent  parts,  viz.  to  the  septum  lucidum  in  front  and  to  the  body  of  the 
fornix  behind. 

The  transverse  fibres  of  the  corpus  callosum,  as  they  enter  the  white  medullary 
centre  of  the  cerebral  hemisphere,  radiate  from  each  other  so  as  to  reach  every  part 
of  the  cerebral  cortex.  This  radiation  is  termed  the  radiatio  corporis  callosi  and 
the  fibres  which  compose  it  intersect  the  fibres  which  form  the  corona  radiata,  or,  in 
other  words,  the  fibres  which  extend  between  the  internal  capsule  and  the  cerebral 
cortex  (Figs.  440,  p.  547 ;  and  468,  p.  582).  The  more  anterior  of  the  fibres  which 
compose  the  genu  of  the  corpus  callosum  sweep  forwards  in  a  series  of  curves  into 
the  prefrontal  region  of  the  hemisphere.  A  large  part  of  the  splenium,  forming  a 
solid  bundle  termed  the  forceps  major,  bends  suddenly  and  abruptly  backwards 
into  the  occipital  lobe  (Fig.  463,  p.  577).  Fibres  from  the  body  and  upper  part 
of  the  splenium,  curving  round  the  lateral  ventricle,  form  a  very  definite  stratum, 
called  the  tapetum.  This  is  a  thin  layer  in  the  medullary  centre  of  the  hemisphere, 
whichjconstitutes  the  immediate  roof  anej^outer  wall  of  the  posterior  horn  and  the 
"jnteFwall  of  the  hinder  parfofjliedescending  horn  of  the  Jateral  venlrTcIe!  IrT 
coronal  sections  through  the  occipitaPand  hinder  temporaTregiolis'The  tapetum 
stands  out  very  distinctly  (Figs.  456,  p.  569  ;  462,  p.  576 ;  and  465,  p.  579). 

Fornix. — The  fornix  is  an  arched  bilateral  structure  composed,  for  the  most 
part,  of  longitudinally-directed  fibres.    In  its  intermediate  part  its  two  lateral 
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halves  are  joined  together  in  the  mesial  plane,  and  form  what  is  called  the  body  of 
the  fornix  ;  but  in  front  and  behind  they  are  quite  separate,  and  constitute  the 
anterior  and  posterior  pillars  of  the  fornix. 

The  body  of  the  fornix  is  triangular  in  form.  In  front,  where  it  is  continuous 
with  the  anterior  pillars,  it  is  narrow  ;  whilst  behind  it  broadens  out,  becomes 
flattened,  and  is  finally  prolonged  into  the  posterior  pillars.  The  upper  surface  of 
the  body  of  the  fornix  is  in  contact  with  the  under  surface  of  the  hinder  part  of 
the  body  of  the  corpus  callosum,  and  posteriorly  is  adherent  to  it.  In  front  of  this 
adhesion,  and  in  the  mesial  plane,  it  is  attached  to  the  septum  luciduni.  Beyond 

these  attachments,  on  each  side,  the  upper  surface 
^^^'TJIir^o  y^^^^^'^^'''^^  of  the  body  of  the  fornix  forms  a  part  of  the 

Anterior  (P  \\  floor  of  the  lateral  ventricle  and  is  clothed  by 

commissure  ^U/>^  Jj"  fief d^%r  ^l^^  lining  cpcndyma.    It  presents  a  sharp  lateral 

edge  or  margin,  from  under  which  the  choroid 
^-^^^TJ^^  plexus   projects  into  the  cavity  of  the  lateral 

^.A^""^''  ventricle  and  with  which  the  epithelial  layer 

FIG.  458. -Diagrammatic  Profile  View  which  COVers  that  plexus  is  continuous.  The 
OP  THE  Fornix.  lower  surface  of  the  body  of  the  fornix  rests 

upon  the  velum  interpositum,  which  separates 
it  from  the  roof  of  the  third  ventricle  and  the  upper  surface  of  the  optic  thalami. 
It  is  not  at  all  an  uncommon  occurrence  to  find  the  two  lateral  portions  of  the 
body  of  the  fornix  of  unequal  size  (Fig.  461,  p.  575). 

The  anterior  pillars  of  the  fornix  (columnse  fornicis)  are  two  rounded  strands 
which  emerge  from  the  anterior  part  of  the  body  of  the  fornix,  and  then  diverge 
very  slightly  from  each  other  as  they  curve  downwards  in  front  of  the  foramina  of 
Monro.  Sinking  into  the  gray  matter  on  the  lateral  wall  of  the  third  ventricle, 
each  anterior  pillar  proceeds  downwards  to  the  base  of  the  brain,  and  in  the  inter- 
peduncular space  protrudes,  to  take  part  in  the  formation  of  the  corpus  mammillare. 
When  the  corpus  mammillare  is  dissected  it  appears  to  be  largely  formed  of  a 
twisted  loop  of  the  anterior  pillar  of  the  fornix,  in  which  the  pillar  bends  upon 
itself,  and  is  then  continued  upwards  and  backwards  into  the  optic  thalamus. 
This  appearance,  however,  is  misleading.  The  fibres  of  the  anterior  pillar  end  in 
the  gray  nucleus  of  the  corpus  mammillare,  and  the  strand  which  passes  from  this 
to  the  thalamus  is  the  bundle  of  Vicq  d'Azyr  (p.  548). 

The  posterior  pillars  of  the  fornix  (crura  fornicis)  are  flattened  bands  which 
diverge  widely  from  each  other.  At  first  they  are  adherent  to  the  under  surface 
of  the  corpus  callosum,  but  soon  they  sweep  downwards  round  the  posterior  ends  of 
the  optic  thalami  and  enter  the  descending  horns  of  the  lateral  ventricles.  Here 
each  pillar  comes  into  relation  with  the  corresponding  hippocampus  major,  and  a 
portion  of  its  fibres  are  spread  out  on  the  surface  of  this  prominence,  thereby 
giving  it  a  white  coating  termed  the  alveus,  whilst  the  remainder  of  the  fibres 
constitute  the  fimbria  or  tsenia  fornicis — a  narrow  but  very  distinct  band  of  white 
matter,  which  is  attached  by  its  outer  margin  along  the  inner  border  of  the 
hippocampus  major  and  ends  in  front  by  joining  the  uncus  (p.  568). 

A  certain  number  of  transverse  fibres  enter  into  the  formation  of  the  fornix. 
The  diverging  posterior  pillars  enclose  between  them  a  small  triangular  space  on 
the  under  surface  of  the  hinder  part  of  the  corpus  callosum.  This  area  is  crossed 
by  transverse  fibres,  which  form  a  thin  lamina  called  the  psalterium  or  lyra.  Some- 
times the  psalterium  is  not  completely  fused  to  the  under  surface  of  the  corpus 
callosum,  and  in  these  cases  a  narrow  space  is  left  between  them,  which  receives  the 
name  of  Verga's  ventricle. 

The  fornix  is  intimately  connected  with  the  olfactory  apparatus.  Its  fibres  for  the  most  part, 
arise  from  the  pyramidal  cells  in  the  cornii  ammonis  or  hippocampus  major  and  ascend  in  the 
fimbria  and  posterior  pillar.  In  the  region  of  the  psalterium  numerous  fibres  cross  the  mesial 
plane,  enter  the  opposite  posterior  pillar,  and  in  it  proceed  to  the  opposite  cornu  ammonis. 
These  fibres  constitute  a  commissure  between  the  two  cornua  ammonis.  The  remainder  of  the 
fibres  proceed  forwards  in  the  body  of  the  fornix,  and  by  means  of  the  anterior  pillar  the 
majority  of  the  fibres  are  carried  downw^ards,  behind  the  anterior  commissure,  to  the  corpus 
mammillare.  Some,  however,  curve  backwards  into  the  stria  medullaris  (p.  548) ;  whilst  others, 
forming  the  olfactory  bundle  of  the  cornu  ammonis,  pass  in  front  of  the  anterior  commissure  and 
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enter  the  septum  lucidum,  through  which  they  reach  the  subcallosal  gyrus  and  the  locus  per- 
foratus  anticus.  Finally,  this  bundle  divides  into  two  parts,  of  which  one  joins  the  inner  root  of 
the  olfactory  tract,  whilst  the  other  goes  to  the  uncus. 

The  greater  number  of  the  longitudinal  fibres  of  the  fornix  must,  therefore,  be  regarded  as 
establishing  a  connexion  between  the  cornu  ammonis  and  the  optic  thalamus.  The  inner  portion 
of  the  composite  nucleus  of  the  corpus  mammillare  is  an  internode  interposed  in  the  path  of  this 
connecting  tract.  The  bundle  of  Vicq  d'Azyr,  formed  by  the  relay  of  fibres  which  takes  origin 
in  this  internode,  forms  the  second  link  in  the  chain. 

The  striae  longitudinales  in  the  gyrus  supracallosus  on  the  upper  surface  of  the  corpus 
callosum  are  to  be  regarded,  from  a  morphological  point  of  view,  as  forming  an  outlying  part  of 
the  fornix  system. 

There  can  be  little  doubt  that  the  gyrus  supracallosus  represents  a  wasted  portion  of  the 
hippocampus  formation.  In  monotremes  and  marsujDials  the  hippocampus  occupies  a 
corresponding  position,  but,  with  the  greater  development  of  the  corpus  callosum  in  higher 
mammals,  atrophy  and  stretching  occur  and  the  structure  is  reduced  to  a  vestigial  condition 
(Elliot  Smith).  That  fornix  fibres  therefore  should  be  found  in  connexion  with  the  suj)racallosal 
gyrus  is  not  surprising. 

Septum  Lucidum  (septum  pellucidum). — The  septum  lucidum  is  a  thin  vertical 
partition  which  intervenes  between  the  anterior  cornua  and  foreparts  of  the  bodies 
of  the  two  lateral  ventricles.  It  is  triangular  in  shape,  and  posteriorly  it  is 
prolonged  backwards  for  a  variable  distance  between  the  body  of  the  corpus  callosum 
and  the  fornix,  to  both  of  which  it  is  attached  by  its  upper  and  lower  edges.  In 
front  it  occupies  the  gap  behind  the  genu  of  the  corpus  callosum,  whilst  below,  in 
the  narrow  interval  between  the  posterior  edge  of  the  rostrum  of  the  corpus  callosum 
and  the  fornix,  it  is  prolonged  downwards  towards  the  base  of  the  brain  in  the 
gyrus  subcallosus.  The  septum  lucidum  is  composed  of  two  thin  laminse  in  appo- 
sition with  each  other  in  the  mesial  plane  (Fig.  461,  p.  575). 

Fifth  Ventricle  (cavum  septi  pellucidi). — This  name  is  applied  to  the  mesial 
cleft  between  the  two  laminae  of  the  septum  lucidum.  It  varies  greatly  in  size  in 
different  brains  and  contains  a  little  fluid.  It  is  completely  isolated  and  presents 
no  communication  with  the  other  ventricles  of  the  brain.  Indeed,  the  term"  ventricle," 
as  applied  to  it,  is  quite  inappropriate,  seeing  that  at  no  period  in  the  development 
of  the  brain  has  it  any  connexion  with  the  general  ventricular  system.  ^^Mt:tl^^ 

Lateral  Ventricle.  ,^ 

The  cavity  in  the  interior  of  the  cerebral  hemisphere  is  called  the  lateral 
ventricle.    It  is  lined  throughout  by  ependyma  continuous  with  the  ependymal 
lining  of  the  third  ventricle.    In  many  places  the  walls  of  the  cavitj_arejn_a£20^Ai 
sition,  whilst  in  other  localities  spaces  of  varying  capacity,  and  containing  cerebro- 
spinal fluid,  are  left  between  the  bounding  walls. 

The  lateral  ventricle  (ventriculus  lateralis)  communicates  with  the  third  ventricle 
of  the  brain  by  means  of  a  small  foramen,  just  large  enough  to  admit  a  crow-quill, 
which  is  termed  the  foramen  of  Monro.  This  aperture  is  placed  in  front  of  the  fore 
end  of  the  optic  thalamus  and  behind  the  anterior  pillar  of  the  fornix. 

The  highly- irregular  shape  of  the  lateral  ventricle  can  be  best  understood  by  the 
study  of  a  cast  of  its  interior  (Figs.  459  ;  and  444,  p.  551).  It  is  usual  to  describe 
it  as  being  composed  of  a  body  and  three  horns,  viz.  an  anterior,  a  posterior,  and  a 
descending  horn.  The  anterior  horn  is  that  part  of  the  cavity  which  lies  in  front  of 
the  foramen  of  Monro.  The  body  is  the  portion  of  the  ventricle  which  extends 
from  the  foramen  of  Monro  to  the  splenium  of  the  corpus  callosum.  At  this  point 
the  posterior  and  descending  horns  diverge  from  the  hinder  part  of  the  body.  The 
posterior  horn  curves  backwards  and  inwards  into  the  occipital  lobe.  It  is  very 
variable  in  its  length  and  capacity.  The  descending  horn  proceeds  with  a  bold  sweep 
round  the  hinder  end  of  the  optic  thalamus,  and  then  tunnels  in  a  forward  and 
inward  direction  through  the  temporal  lobe  towards  the  temporal  pole.  The  early 
foetal  lateral  ventricle  is  very  capacious  and  presents  an  arched  or  semilunar  form. 
It  is  composed  of  parts  which  correspond  to  the  anterior  horn,  the  body,  and  the 
descending  horn,  and  there  is  little  or  no  demarcation  between  them.  The 
posterior  horn  is  a  later  production.  It  comes  into  existence  with  the  occipital 
lobe  and  is  produced  as  a  diverticulum  or  elongated  pouch,  which  grows  backwards 
from  the  upper  and  hinder  part  [i.e.  the  convexity)  of  the  primitive  cavity. 
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Anterior  Horn  of  the 
Lateral  Ventricle  (cornu  an- 
terius).  —  The  anterior  horn 
forms  the  foremost  part  of  the 
cavity,  and  extends  in  a  for- 
ward and  outward  direction  in 
the  frontal  lobe.  When  seen 
in  coronal  section  (Fig.  460)  it 
presents  a  triangular  outline, 
the  floor  sloping  upwards  and 
outwards  to  meet  the  roof  at 
an  acute  angle.  It  is  bounded 
in  front  by  the  posterior  sur- 
face of  the  genu  of  the  corpus 
callosum;  the  roq/"  is  also  formed 
by  the  corpus  callosum.  The 
inner  wall,  which  is  vertical, 
is  formed  by  the  septum 
lucidum;  whilst  the  sloping 
floor  presents  a  marked  eleva- 
tion or  bulging,  viz.  the  smooth, 
rounded,  and  prominent  ex- 
tremity of  the  pear-shaped 
caudate  nucleus. 

Body  of  the  Lateral  Ven- 
tricle (pars  centralis). — The 
body  of  the  cavity  is  likewise 
roofed  by  the  corpus  callosum. 
On  the  inner  or  mesial  side  it 
is  bounded  by  the  attachment 
of  the  fornix  to  the  under  sur- 
face of  the  corpus  callosum  and 
by  the  hinder  part  of  the 
septum  lucidum.  On  the  outer  side  it  is  closed,  as  in  the  case  of  the  anterior  horn, 
by  the  meeting  of  the  floor  and  the  roof  of  the  cavity.  On  the  floor  a  number 
of  important  ob- 
jects may  be  re- 
cognised. From 
without  inwards 
these  are  met  in 
the  following 
order:  (1)  the  cau- 
date nucleus ;  (2) 
a  groove  which 
extends  obliquely 
from  before  back- 
wards and  out- 
wards between  the 
caudate  nucleus 
and  the  optic 
thalamus,  and  in 
which  are  placed 
the  vein  of  the 
corpus  striatum 
and  a  white  band 
called  the  taenia 
semicircularis ;  (3) 
a  portion  of  the 
upper  surface  of 


Fig.  459. — Drawing  taken  from  a  Cast  of  the  Ventricular 
System  of  the  Brain,  as  seen  from  above  (after  Eetzius). 


Vent.  III.  Third  ventricle.  Vent.  IV 

R.SP.  Recessus  suprapinealis. 


Fourth  ventricle. 


Great  longitudinal  fissure 


Corpus  callosum  (genu) 


Anterior  horn  of 
lateral  ventricle 


Caudate  nucleus 


Caudate  nucleus 
(in  section) 


Corpus  callosum  (genu) 


Fig.  460.- 


Great  longitudinal  fissure 

-Coronal  Section  through  the  Frontal  Lobes  and  the 
Anterior  Horns  of  the  Lateral  Ventricles. 
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the  optic  thalamus ;  (4)  the  choroid  plexus ;  (5)  the  thin,  sharp  lateral  edge  of 
the  fornix. 

The  caudate  nucleus  narrows  rapidly  as  it  proceeds  backwards  on  the  outer  part 
of  the  floor  of  the  body  of  the  lateral  ventricle.  The  vein  of  the  corpus  striatum  is 
covered  over  by  ependyma.  It  joins  the  vein  of  Galen  close  to  the  foramen  of 
Monro.  The  connexions  of  the  taenia  semicircularis  will  be  dealt  with  later.  The 
portion  of  the  upper  surface  of  the  optic  thalamus  which  appears  in  the  floor  of  the 

Corpus  callosiiin 
Ventricle  V.    '    Foramen  of  Monro 
:    ;     ;     Caiidate  nucleus 
Septum  lucidniti  <  )ptic  thalamus 

Corpus  callosum  ... !    ;    ^  ;  Choroid  jylexus 


Fimbria  ,'  ;  •    Hippocampus  major 

Forceps  major  j        Posterior  pillar  of  the  fornix 

Body  of  the  fornix 

Fig.  461.— Dissection,  to  show  the  fornix  and  lateral  ventricles  ;  the  body  of  the  corpus  callosum 

has  been  turned  over  to  the  left. 

ventricle  is  in  great  part  hidden  by  the  choroid  plexus,  which  lies  upon  it.  The 
choroid  plexus  is  a  rich  vascular  fringe  which  appears  from  under  cover  of  the  sharp 
lateral  edge  of  the  fornix.  In  front  it  is  continuous,  behind  the  foramen  of  Monro, 
with  the  corresponding  choroid  plexus  of  the  opposite  side,  whilst  behind,  it  is 
carried  into  the  descending  horn  of  the  ventricle.  Although  the  choroid  plexus 
has  all  the  appearance  of  lying  free  within  the  ventricle,  it  must  be  borne  in  mind 
that  it  is  invested  by  an  epithehal  layer  which  represents  a  portion  of  the  hemi- 
sphere wall  and  excludes  it  from  the  cavity.    This  thin  layer  is  continuous  on  the 
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one  hand  with  the  sharp  edge  of  the  fornix,  and  on  the  other  it  is  attached  to  the 
upper  surface  of  the  optic  thalamus. 

Posterior  Horn  of  the  Lateral  Ventricle  (cornu  posterius). — The  posterior 
horn  is  an  elongated  diverticulum  carried  backwards  into  the  occipital  lobe  from  the 
hinder  end  of  the  body  of  the  ventricle.  It  tapers  to  a  point  and  describes  a  gentle 
curve,  the  convexity  of  which  is  directed  outwards.  The  ?^oo/and  outer  luall  of  this 
portion  of  the  ventricular  cavity  are  formed  by  the  tapetum  of  the  corpus  callosum. 
In  coronal  sections  through  the  occipital  lobe  this  is  seen  as  a  thin  but  distinct 
layer  of  white  fibres,  which  lies  immediately  outside  the  ependyma  and  to  the  inner 
side  of  a  much  larger  strand  of  fibres  in  the  medullary  substance  of  the  occipital 
lobe,  viz.  the  optic  radiation. 

On  the  inner  wall  two  elongated  curved  elevations  may  be  observed.  The 
uppermost  of  these  is  termed  the  bulb  of  the  cornu  (bulbus  cornu  posterioris),  and  is 
produced  by  the  fibres  of  the  forceps  major  of  the  corpus  callosum  as  they  curve 
abruptly  backwards  from  the  lower  part  of  the  splenium  of  the  corpus  callosum  into 
the  occipital  lobe.  Below  this  is  the  elevation  known  as  the  calcar  avis.  It  varies 
greatly  in  size  in  different  brains,  and  is  caused  by  an  infolding  of  the  ventricular 
wall  in  correspondence  with  the  anterior  calcarine  fissure  on  the  exterior  of  the 
hemisphere. 

Descending  Horn  of  the  Lateral  Ventricle  (cornu  inferius). — The  descending 
horn  is  the  continuation  of  the  cavity  into  the  temporal  lobe.  At  first  directed  back- 
wards and  outwards  the  descending  horn  suddenly  sinks  downwards  behind  the  optic 
thalamus  into  the  temporal  lobe,  in  the  centre  of  which  it  takes  a  curved  course  for- 
wards and  inwards  to  a  point  about  an  inch  behind  the  extremity  of  the  temporal  pole. 

In  the  angle  between  the  diverging  posterior  and  descending  horns  the  cavity 
of  the  ventricle  presents  an  expansion  of  a  somewhat  triangular  shape.  To  this 
the  name  of  trigonum  ventriculi  is  sometimes  given. 

The  roof  of  the  descending  horn  is  formed  for  the  most  part  by  the  tapetum  of 

Splenium  of  corpus  eallosuin 


Inferior  longitudinal  fasciculus. 
Fig.  462. — Coronal  Section  through  the  Posterior  Hokns  of  the  Lateral  Ventricles. 

the  corpus  callosum.  At  the  extremity  of  the  horn  the  roof  presents  a  bulging 
into  the  cavity.  This  is  the  amygdaloid  tubercle,  and  it  is  produced  by  a  super- 
jacent collection  of  gray  matter  termed  the  amygdaloid  nucleus.  The  taenia  semi- 
circularis  and  the  attenuated  tail  of  the  caudate  nucleus  are  both  prolonged  into  the 
descending  horn  and  are  carried  forwards,  in  its  roof,  to  the  amygdaloid  nucleus. 

On  the  floor  of  the  descending  horn  the  following  structures  are  seen :  (1) 
hippocampus  major,  or  the  cornu  ammonis  ;  (2)  the  choroid  plexus  ;  (3)  the  fimbria  ; 
and  (4)  the  eminentia  collateralis. 

The  hippocampus  major  (hippocampus)  is  for  the  most  part  covered  by  the 
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choroid  plexus.  It  is  a  prominent  elevation  on  the  floor  of  the  descending  horn  of 
the  lateral  ventricle  and  is  strongly  curved,  in  conformity  with  the  course  taken 
by  the  horn  in  which  it  lies.  It  therefore  presents  an  internal  concave  margin  and 
an  external  convex  border.  Narrow  behind,  it  enlarges  as  it  is  traced  forwards, 
and  it  ends  below  the  amygdaloid  tubercle  in  a  thickened  extremity,  which 
presents  some  faint  grooves  or  notches  on  its  surface.  In  consequence  of  this,  the 
anterior  end  of  the  hippocampus  major  receives  the  name  of  the  pes  hippocampi. 
The  hippocampus  major  is  the  internal  elevation  which  corresponds  to  the  dentate 
fissure  on  the  exterior  of  the  hemisphere  (Fig.  464). 

If  an  incision  be  made  along  the  outer  convex  edge  of  the  hippocampus  major,  and  the  surface 
lamina  be  raised,  the  central  core  will  be  seen  to  present  the  curious  appearance  of  two 
corrugated  layers  dove-tailed  into  eacli  other  (M'Carthy). 

The  fimbria  (fimbria  hippocampi)  is  the  narrow  band  of  white  matter  which  is 
attached  by  its  outer  margin  along  the  inner  concave  border  of  the  hippocampus 
major.  The  white  matter  composing  it  is  continuous  with  the  thin  white  layer 
(the  alveus)  which  is  spread  over  the  surface  of  the  hippocampus  major,  and  it 
presents  two  free  surfaces  and  a  sharp  free  inner  border.  The  fimbria  has  already 
been  examined  in  connexion  with  the  hippocampal  fissure  and  the  gyrus  dentatu^^ 
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Fig.  463. 


-Dissection,  to  show  the  fornix  and  the  posterior  and  descending  cornna 
of  the  lateral  ventricle  of  the  left  side. 


(p.  568),  and  the  relations  which  it  presents  to  the  fornix  and  the  uncus  have  been 
pointed  out. 

When  the  pia  mater  in  the  region  of  the  hippocampal  fissure  is  removed  from 
the  surface  of  the  brain,  the  choroid  plexus  in  the  interior  of  the  descending  horn 
41 
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of  the  lateral  ventricle  is  usually  withdrawn  with  it,  and  a  fissure  appears  between 
the  fimbria  and  the  roof  of  the  ventricular  horn.  This  is  the  choroid  fissure.  It 
appears  at  a  very  early  date  in  the  development  of  the  cerebral  hemisphere,  and 
takes  an  arcuate  course  upwards  and  forwards  round  the  hinder  end  of  the  optic 
thalamus.  In  the  region  of  the  body  of  the  lateral  ventricle  it  extends  as  far 
forwards  as  the  foramen  of  Monro,  and  is  formed  by  the  involution  of  an  epithelial 
part  of  the  wall  of  the  ventricle  over  the  choroid  plexus  (p.  575).  In  the  region  of 
the  descending  horn,  when  the  choroid  plexus  with  the  involuted  epithelial  layer 
which  covers  it  is  withdrawn,  the  choroid  fissure  is  converted  into  an  artificial  gap 
which  leads  directly  into  this  part  of  the  ventricular  cavity. 

The  choroid  plexus  is  a  convoluted  system  of  blood-vessels  in  connexion  with  a 
fold  of  pia  mater,  which  is  prolonged  into  the  descending  horn  of  the  lateral 
ventricle.  It  lies  on  the  surface  of  the  hippocampus  major  and  is  continuous 
behind  the  posterior  part  of  the  optic  thalamus,  with  the  choroid  plexus  in  the  body 
of  the  lateral  ventricle.  But  it  must  not  be  supposed  that  the  choroid  plexus  lies 
free  in  the  ventricular  cavity.  It  is  clothed  in  the  most  intimate  manner  by  an 
epithelial  layer,  which  represents  the  inner  or  mesial  wall  of  the  descendiag  horn 
involuted  into  the  cavity  over  the  choroid  plexus.  The  ventricle,  therefore,  only 
opens  on  the  surface  through  the  choroid  fissure  when  this  thin  epithelial  layer  is 
torn  away  by  the  withdrawal  of  the  choroid  plexus.  From  the  above,  it  will  be 
understood  that  the  arcuate  choroid  fissure,  throughout  its  whole  length  (viz.  from 

the  foramen  of  Monro  to  the 
extremity  of  the  descending 
horn  of  the  lateral  ventricle), 
is  formed  by  the  involution  of 
a  portion  of  the  wall  of  the 
hemisphere  which  remains  epi- 
thelial. In  the  body  of  the 
ventricle  this  layer  is  attached, 
on  the  one  hand,  to  the  sharp 
lateral  margin  of  the  fornix, 
and  on  the  other  to  the  upper 
surface  of  the  optic  thalamus ; 
in  the  descending  horn  it  is 
attached,  in  like  manner,  to  the 
edge  of  the  fimbria  or  posterior 
pillar  of  the  fornix,  whilst  above 
it  joins  the  roof  of  this  portion 
of  the  ventricle  along  the 
line  of  the  taenia  semicircularis. 

The  eminentia  collateralis 
shows  very  great  differences  in 
its  degree  of  development,  and 
it  may  present  two  distinct 
forms,  which  may  be  distin- 
guished from,  each  other  as  the 
eminentia  collateralis  posterior 
and  the  eminentia  collateralis 
anterior. 

The  posterior  collateral 
eminence  is  a  smooth  eleva- 
tion in  the  floor  of  the  tri- 
gonum  ventriculi,  in  the  in- 
terval which  is  left  between 
the  calcar  avis  and  the  hippo- 
campus major  as  they  diverge 
from  each  other.  In  the  foetal  brain  this  is  always  a  very  strongly -marked 
elevation,  which  corresponds  with  the  mid-collateral  fissure,  but  inj  the  course  of 
growth  it  is  apt  to  lose  much  of  its  prominence. 


Pes  hippocampi 


Posterior  horn  of 
lateral  ventricle 


Calcar  avis 


Bulb  of  the  cornu 


Fig,  464. — Dissection  from  above,  to  show  the  posterior  and 
desceuding  coruua  of  the  lateral  ventricle. 

B.Gr.  Giacomini's  band.  F.D.  Gyrus  dentatus. 

F.      Fimbria.  H.C.  Hippocampal  convolution. 
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Claustrum 


Putamen 


The  anterior  collateral  eminence  is  only  occasionally  present.  It  appears  as  an 
elongated  elevation  of  varying  length  and  prominence,  on  the  tloor  of  the  descend- 
ing horn  of  the  lateral  ventricle,  on  the  outer  side  of  the  hippocampus  major.  It 
is  formed  by  the  anterior  portion  of  the  foetal  collateral  sulcus,  when  this  develops 
as  a  complete  fissure. 

Basal  Ganglia  of  the  Cerebral  Hemisphere. 
Under  this  heading  are  included  certain  masses  of  gray  matter  more  or  less 
completely  embedded  in  the  white  medullary  substance  of  the  hemisphere,  and 
which  are  developed  in  its  wall.  They  compose  the  caudate  and  lenticular  nuclei, 
which  together  form  the  corpus  striatum,  the  claustrum,  and  the  amygdaloid 
nucleus. 

The  caudate 
nucleus  bulges 
into  the  lateral 
ventricle.  It  is  a 
pyriform,  highly- 
arched  mass  of 
gray  matter,  which 
presents  a  thick, 
swollen  head,  or 
anterior  extremity, 
and  a  long,  attenu- 
ated tail.  The head 
projects  into  the 
anterior  horn  of  the 
lateral  ventricle, 
whilst  its  narrower 
part  is  prolonged 
outwards  and 
backwards  in  the 
floor  of  the  body 
of  the  ventricle, 
where  it  is  separ- 
ated from  the  optic 
thalamus  by  the 
taenia  semicircul- 
aris.  -Finally,  its 
tail  curves  down- 
wards with  a  bold 
sweep  and  enters 
the  descending 
horn  of  the  lateral 
ventricle.  In  the 
roof  of  this  horn 
it  is  prolonged 
forwards  to  the 
amygdaloid  nu- 
cleus, the  lower 
part  of  which  it 
joins.  The  caudate 
nucleus  thus  pre- 
sents a  free  ventricular  surface,  covered  with  ependyma,  and  a  deep  surface 
embedded  in  the  white  substance  of  the  cerebral  hemisphere,  and  for  the  most  part 
related  to  the  internal  capsule. 

Owing  to  its  arched  form  it  follows  that,  in  horizontal  sections  through  the 
cerebral  hemisphere  below  a  particular  level,  it  is  cut  at  two  points,  and  both  the 
head  and  the  tail  appear  on  the  field  of  the  section  (Fig.  465).    In  coronal  sections 
behind  the  amygdaloid  nucleus,  it  is  also  divided  at  two  places  (Fig.  440,  p.  547). 
•  41a 


Genu  of  corpus  callosum 

Anterior  horn  of  lateral 
ventricle 

Caudate  nucleus 

Anterior  limb  of  internal 
capsule 
Ventricle  V. 

Genu  of  internal  capsule 
Anterior  pillars  of  fornix 
Globus  pallidus 


Bundle  of  Vicq  d'Azyr 

Posterior  limb  of  internal 
capsul 

Thalamus 
Retrolenticular  part  of 
internal  capsule 

Hippocampus  major- 
Splenium 
Choroid  plexus 

Band  of  Vicq  d'Azyr- 
Calcarine  fissure 


Fig.  465. — Horizontal  Section  through  the  Right  Cerebral  Hemisphere 
AT  the  Level  of  the  Widest  Part  of  the  Lenticular  Nucleus. 
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The  anterior  extremity  of  the  head  of  the  caudate  nucleus  coincides  very  nearly 
with  that  of  the  anterior  horn  of  the  lateral  ventricle.  In  the  region  of  the  locus 
perforatus  anticus,  the  head  of  the  caudate  nucleus  gains  the  surface  and  its  gray 
matter  becomes  continuous  with  that  of  the  cerebral  cortex. 

The  lenticular  nucleus  lies  on  the  outer  side  of  the  caudate  nucleus  and  optic 
thalamus,  and  is  for  the  most  part  embedded  within  the  white  medullary  substance 
of  the  cerebral  hemisphere.  It  does  not  extend  either  so  far  forwards  or  so  far 
backwards  as  the  caudate  nucleus.  Indeed,  it  presents  a  very  close  correspondence 
in  point  of  extent  with  the  insula  or  island  of  Keil  on  the  surface.  When  seen  in 
horizontal  section,  it  presents  a  shape  similar  to  that  of  a  biconv^^  lens.  Its 
inner  surface  bulges  more  than  the  outer  surface,  and  its  point  of  lYi|t^t  convexity 
is  placed  opposite  the  tasnia  semicircularis  or  the  interval  between  the  caudate 
nucleus  and  the  optic  thalamus.  In  coronal  section  the  appearance  presented  by 
the  lenticular  nucleus  differs  very  much  in  different  planes  of  section.    Fig.  466 

represents  a  sec- 
tion through  its 
anterior  portion. 
Here  it  is  semi- 
lunar or  crescen  tic 
in  outline  and  is 
directly  continu- 
ous below  with 
the  head  of  the 
caudate  nucleus ; 
above,  also,  it  is 
intimately  con- 
nected with  the 
caudate  nucleus 
hj  bands  of  gray 
matter,  which 
pass  between  the 
two  nuclei  and 
break  up  the  white 
matter  of  the  fore- 
part of  the  inter- 
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Fig 


vening  internal 
capsule.  It  is 
due  to  the  ribbed 

466. — Coronal  Section  throdgh'  the  Cerebral  Hemispheres  so  as  to  cut  barred  aPDear- 
through  the  anterior  part  (putamen)  of  the  lenticular  nucleus  in  front  of  the  ,  .  ,  \^ 


globus  paiiidus.  ance,  which  is  pre- 

sented by  such  a 

section  as  this,  that  the  term  corpus  striatum  is  applied  to  the  two  nuclei.  In 
the  region  of  the  locus  perforatus  anticus  both  nuclei  reach  the  surface  and  become 
continuous  with  the  cortex. 

When  a  section  is  made  in  a  plane  further  back  (e.g.  immediately  posterior  to 
the  anterior  commissure,  as  in  Eig.  467)  the  divided  lenticular  nucleus  assumes  an 
altogether  different  shape,  and  is  seen  to  be  completely  cut  off  from  the  caudate 
nucleus  by  the  internal  capsule.  It  is  now  triangular  or  wedge-shaped.  Its  base 
is  turned  towards  the  island  of  Keil  and  is  in  direct  relation  to  a  thin  lamina  of 
white  matter,  termed  the  external  capsule.  Its  internal  surface  is  oblique  and  is 
applied  to  the  internal  capsule,  whilst  its  inferior  surface  is  horizontal  and  is 
directed  downwards  towards  the  base  of  the  brain.  But,  further,  two  white  laminae, 
the  external  and  internal  medullary  laminae,  are  now  evident,  which  traverse  its 
substance  in  a  vertical  direction  and  divide  it  into  three  zones.  The  outer,  basal, 
and  larger  zone  is  termed  the  putamen ;  the  two  inner  portions  together  constitute 
the  globus  paiiidus. 

The  putamen  forms  much  the  largest  part  of  the  lenticular  nucleus.  It  is 
darker  in  colour  than  the  globus  paiiidus,  and  in  this  respect  resembles  the  caudate 
nucleus.    It  is  traversed  by  fine  radiating  bundles  of  fibres,  which  enter  it  from  the 
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external  medullary  lamina.  Both  in  point  of  structure  and  in  mode  of  development 
it  is  closely  associated  with  the  caudate  nucleus,  and  it  is  the  only  part  of  the  len- 
ticular nucleus  which  is  connected  by  intervening  bands  of  gray  matter  with  the 
caudate  nucleus.  The  antero-posterior  length,  as  well  as  the  vertical  depth  of  the 
putamen,  is  much  greater  than  in  the  case  of  the  globus  pallidus ;  consequently,  in 
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-Coronal  Section  through  the  Cerebrum  so  as  to  cut  tlirougli  the  three  divisions  of  the 
leiiticuhar  nucleus  ;  posterior  surface  of  the  section  depicted. 


botli  coronal  and  horizontal  sections  through  the  cerebrum  it  is  encountered  before 
the  plane  of  the  globus  pallidus  is  reached. 

The  external  capsule  is  loosely  connected  with  the  outer  surface  of  the  putamen,  and  it  can  be 
readily  strijjped  off.  This  accounts  for  the  tendency,  exhibited  in  hsemorrhages  in  this  locality, 
for  the  effused  blood  to  spread  out  in  the  interval  between  these  structures. 

The  globus  pallidus  is  composed  of  the  two  smaller  and  inner  zones  of  the  lenti- 
cular nucleus.  They  present  a  faint  yellowish  tint,  and  are  paler  and  more 
abundantly  traversed  by  fibres  than  the  putamen.  The  zone  next  the  putamen  (i.e. 
the  intermediate  zone)  is  much  larger  than  the  innermost  subdivision.  It  extends 
forwards  to  a  point  a  little  in  front  of  the  plane  of  the  anterior  commissure.  When 
the  lenticular  nucleus  is  cut  in  a  coronal  direction,  and  in  its  widest  part,  the 
innermost  zone  shows  an  indication  of  a  separation  into  two  parts,  so  that  here  the 
globus  pallidus  appears  to  consist  of  three  subdivisions.  The  morphology  of  the 
globus  pallidus  is  by  no  means  clear. 

Connexions  of  the  Corpus  Striatum. — (1)  Numerous  fibres  pass  from  the  optic 
thalamus  to  thp  corpus  striatum,  and  in  the  reverse  direction  from  the  corpus  striatum 
into  the  thalamus  through  the  anterior  limb  of  the  internal  capsule.  These  may  be 
termed  the  thalamo  -  striate  and  the  strio- thalamic  fibres.  (2)  Edinger  describes  a 
connexion  between  the  caudate  nucleus  and  the  substantia  nigra.  The  connecting  fibres 
pass  through  the  subthalamic  region  and  constitute  a  tract  in  the  mesencephalon,  in  close 
apposition  with  the  substantia  nigra,  called  the  stratum  intermedium.  (3)  The  ansa 
lenticularis  has  previously  been  mentioned.  It  is  composed  of  fibres  which  come  from  the 
inferior  part  of  the  fore  portion  of  the  thalamus  and  curve  outwards  under  the  lenticular 
nucleus.  They  stream  upwards  into  this  and  through  its  medullary  lamina).  Many  of 
them  apparently  proceed  onwards  to  the  cerebral  cortex.    (4)  Fibres  from  the  posterior 
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limb  of  the  internal  capsule  (thalamic  fibres  chiefly)  enter  the  lenticular  nucleus  and 
stream  through  it,  and  its  medullary  laminae,  on  their  way  to  the  cerebral  cortex. 

Claustrum. — This  is  a  thin  plate  of  gray  substance  embedded  in  the  white 
matter,  which  intervenes  between  the  lenticular  nucleus  and  the  gray  cortex  of  the 
insula  or  island  of  Keil.  Followed  in  an  upward  direction,  it  becomes  gradually 
thinner  and  ultimately  disappears.     As  it  is  traced  downwards,  however,  it 
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Fig.  468.— Coronal  Section  through  the  Left  Side  of  the  Cerebrum  of  an  Orang 

(Weigert-Pal  specimen). 

The  section  passes  through  the  middle  of  the  lenticular  nucleus. 

thickens  considerably,  and  at  the  base  of  the  brain  it  comes  to  the  surface  at  the 
anterior  perforated  spot  and  becomes  continuous  with  the  gray  matter  of  the  cortex. 
Its  extent  corresponds  very  closely  with  the  area  occupied  by  the  insula,  and  its 
surface  towards  this  portion  of  the  cerebral  cortex  shows  ridges  and  depressions 
corresponding  to  the  insular  gyri  and  sulci. 

Amygdaloid  Nucleus. — ^In  the  forepart  of  the  temporal  lobe,  in  front  of,  and 
to  some  extent  above  the  extremity  of  the  descending  horn  of  the  lateral  ventricle, 
there  is  a  round  mass  of  gray  matter,  called  the  amygdaloid  nucleus.  The  tail  of 
the  caudate  nucleus  joins  its  lower  part,  whilst  above  it  is  carried  up  into  the  puta- 
men.   In  front  it  is  continuous  with  the  gray  cortex  of  the  cerebrum. 

Taenia  Semicircularis. — This  is  a  band  of  fibres  which,  for  the  most  part,  arise 
in  the  amygdaloid  nucleus.  Erom  this  it  runs  backwards  in  the  roof  of  the  de- 
scending horn  of  the  lateral  ventricle,  and  then  arches  upwards  and  forwards,  so  as 
to  gain  the  floor  of  the  body  of  the  lateral  ventricle.  In  both  situations  it  lies 
close  to  the  inner  side  of  the  nucleus  caudatus,  and  finally,  at  the  foramen  of 
Monro,  it  bends  downwards  towards  the  anterior  commissure.  Some  of  its  fibres 
pass  in  front  and  others  behind  the  commissure,  and  ultimately  they  end  in  the 
locus  perforatus  anticus  (Kolliker). 

Internal  Capsule. — This  term  is  applied  to  the  broad  band  of  white  matter 
which  intervenes  between  the  lenticular  nucleus,  on  the  outside,  and  the  optic 
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thalamus,  taenia  semicirciilaris,  and  caudate  nucleus  on  the  inner  side.  It  presents 
many  different  appearances,  according  to  the  plane  in  which  the  brain  is  cut.  In 
the  region  of  the  mesencephalon,  a  coronal  section  through  the  brain  shows  that  in 
great  part  the  internal  capsule  is  directly  continuous  with  the  crusta  of  the  crus 
cerebri  (Fig.  440,  p.  547).  In  horizontal  section  the  internal  capsule  is  observed  to 
be  bent  upon  itself  opposite  the  taenia  semicircularis,  or  the  interval  between  the 
caudate  nucleus  and  the  thalamus.  This,  bend,  which  points  inwards,  is  called  the 
genu.  About  one-third  of  the  internal  capsule  lies  in  front  of  the  genu,  and  is 
termed  the  anterior  limb ;  the  remaining  two-thirds,  which  lie  behind  the  genu, 
constitute  the  posterior  limb. 

The  anterior  limb  of  the  internal  capsule  intervenes  between  the  lenticular 
nucleus  and  the  caudate  nucleus.  In  its  lower  and  forepart  it  is  much  broken  up 
by  the  connecting  bands  of  gray  matter  which  pass  between  the  forepart  of  the 
putamen  and  the  lenticular  nucleus. 

The  anterior  limb  of  the  internal  capsule  is  largely  composed  of  corticipetal  fibres 
belonging  to  the  thalamic  radiation.  It  likewise  contains  corticifugal  fibres.  The 
corticipetal  fibres  are  of  two  kinds,  viz.  thalamo-frontal  and  thalamo-striate.  The 
former,  wdiich  arise  in  the  optic  thalamus,  go  through  the  anterior  limb  of  the  internal 
capsule  to  reach  the  cortex  of  the  frontal  lobe.  The  thalamo-striate  fibres  likewise  arise 
in  the  thalamus  and  enter  the  anterior  limb,  to  reach  the  caudate  and  lenticular  nuclei. 

The  corticifugal  fibres  are  represented  by  the  fronto-thalamic,  the  strio-thalamic,  and 
the  fronto-pontine  tracts. 

The  fronto-pontine  tract  arises  in  the  cortex  of  the  prefrontal  region,  traverses  the 
anterior  limb  of  the  internal  capsule,  forms  the  inner  fifth  of  the  crusta  of  the  crus  cerebri, 
and  finally  ends  in  the  nucleus  pontis. 

The  posterior  limb  of  the  internal  capsule  is  placed  between  the  optic  thalamus 
and  the  lenticular  nucleus,  and  it  extends  backwards  for  a  short  distance  beyond 
the  hinder  end  of  the  putamen  on  the  outer  side  of  the  posterior  part  of  the 
thalamus  and  of  the  tail  of  the  caudate  nucleus.  The  posterior  limb,  therefore,  is 
spoken  of  as  consisting  of  a  lenticular  and  a  retrolenticular  part. 

'  The  lenticular  part  of  the  posterior  limb  is  composed  of  both  corticipetal  and  cortici- 
fugal fibres.  The  corticipetal  fibres  enter  the  internal  capsule  from  the  outer  aspect  of 
the  optic  thalamus,  and  are  composed  of  fibres  which  arise  within  the  thalamus,  and  proceed 
upwards  to  the  cerebral  cortex. 

The  corticifugal  fibres  consist  of  the  pyramidal  tract  and  the  cortico-thalamic  fibres. 

The  great  motor  or  pyramidal  tract,  descending  from  the  Rolandic  area  of  the  cortex, 
occupies  the  anterior  half'bf  the  lenticular  part  of  the  internal  capsule.  The  fibres,  which 
go  to  the  nucleus  of  the  facial  nerve,  lie  close  to  the  genu,  and  behind  these  are  the 
fibres  which  go  to  the  hypoglossal  nucleus ;  still  further  back  are  pyramidal  fibres  which 
enter  the  spinal  cord  and  end  around  the  motor  cells  of  the  anterior  horn  of  gray  matter. 
This  pyramidal  tract  has  been  observed  occupying  the  middle  part  of  the  crusta  of  the 
crus  cerebri,  into  which  it  passes  directly  from  the  internal  capsule. 

The  retrolenticular  part  of  the  posterior  limb  contains  :  (1)  the  fibres  of  the  optic 
radiation  as  they  pass  to  establish  their  connexions  with  the  thalamus,  superior  quadri- 
geminal  body,  and  corpus  geniculatum  externum ;  (2)  the  fibres  of  the  auditory  radiation, 
or  those  which  connect  the  auditory  cortical  field  in  the  temporal  lobe  with  the  corpus 
geniculatum  internum  (Figs.  118,  p.  520,  and  Fig.  439,  p.  546)  ;  (3)  the  temporo-pontine 
tract,  which  is  composed  of  fibres  which  take  origin  in  the  two  upper  convolutions  of  the 
temporal  lobe  and  pass  through  this  section  of  the  internal  capsule  to  reach  the  outer 
part  of  the  crusta  of  the  crus  cerebri.  Through  this  they  reach  the  ventral  part  of  the 
pons,  in  the  gray  matter  of  which  they  end. 

When  the  fibres  of  the  internal  capsule  are  traced  upwards  they  are  found  to 
spread  out  widely  from  each  other  in  a  radiating  or  fan-shaped  manner,  so  as  to 
reach  the  various  convolutions  of  the  cerebral  hemisphere.  This  arrangement  is 
termed  the  corona  radiata.  The  callosal  system  of  fibres,  as  they  proceed  into  the 
hemisphere,  also  radiate,  and  they  intersect  the  fibres  of  the  corona  radiata  (Fig. 
468,  p.  582). 

External  Capsule. — The  thin  lamina  of  white  matter  between  the  outer  aspect 
of  the  putamen  and  the  claustrum  is  called  the  external  capsule.    This  joins  with 
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the  internal  capsule  in  front  of  and  behind  the  putamen,  and  in  this  manner  the 
lenticular  nucleus  is  encapsulated  by  white  matter. 

Morphological  Subdivision  of  the  Cerebral  Hemisphere. — In  many  respects  tlie  descrip- 
tive anatomy  of  tlie  human  cerebral  hemisphere  is  not  in  accord  with  the  facts  which  liave  been 
accpiired  regarding  its  morphological  evolution  ;  and  of  recent  years  this  discrepancy  has  become 
more  marked  through  the  important  researches  of  Elhot  Smith. 

From  the  morphological  point  of  view  the  cerebral  hemisphere  may  be  regarded  as  being 
composed  of  three  parts,  viz.  the  rhinencej^halon,  the  corpus  striatum,  and  the  neo-pallium. 

The  rhinencephalon  is  the  most  archaic  part  of  the  hemisjDhere,  and  in  the  brains  of  the 
lower  vertebrates  (fishes,  amphibians,  re|) tiles)  it  constitutes  its  chief  bulk.  In  the  human  brain 
it  is  rej^resented  by  the  olfactory  bulb,  olfactory  tract  and  its  roots,  the  anterior  j)erforated 
space,  the  uncus,  the  gyrus  subcallosus,  the  septum  lucidum,  the  hippocampus,  fornix,  gyrus 
dentatus,  and  the  gyrus  supracallosus. 

The  uncus,  with  the  aborted  lateral  stria  of  the  olfactory  peduncle,  is  all  that  remains  in  the 
human  brain  of  the  relatively  huge  pyriform  lobe  of  many  of  the  lowei-  mammals.  The  hippo- 
campal  convolution  which  lies  to  the  outer  side  of  the  dentate  fissure,  although  it  runs  con- 
tinuously into  the  uncus,  is  not  a  23art  of  the  rhinencephalon.  It  belongs  to  tlie  neo-jjallium. 
The  feeble  furrow,  termed  the  incisura  temporalis  which  separates  the  uncus  from  the  temporal 
pole,  is  one  of  the  most  primitive  of  the  cerebral  fissures.  It  represents  the  rhinal  or  ecto-rhinal 
fissure — the  bounding  fissure  of  the  rhinencephalon. 

The  neo-pallium  is  represented  by  the  rest  of  the  hemisphere,  exclusive  of  the  corpus  striatum. 
It  therefore  comprises  almost  the  whole  of  the  convoluted  cortex  on  the  surface  together  with  its 
associated  white  matter.  The  great  development  of  the  neo-pallium  in  man  is  one  of  the  most 
distinctive  characters  of  the  human  brain. 

In  their  j^hylogenetic  evolution  tlie  rhinencephalon  and  the  neo-pallium  appear  to  develop 
more  or  less  independently  of  each  other.  In  certain  cases  the  former  atrophies,  whilst  the 
neo-pallium  attains  a  high  degree  of  development  {e.g.  man,  monkey,  whale,  etc.),  in  others  the 
reverse  development  occurs  {e.g.  hedgehog  and  many  other  mammals),  in  which  the  rhinencephalon 
forms  a  large  part  of  the  hemisphere  and  the  neo-pallium  is  relatively  small. 

Intimate  Structure  of  the  Cerebral  Hemisphere. 

The  cerebral  hemisphere  is  composed  of  an  external  coating  of  gray  matter, 
termed  the  cortex,  spread  over  an  internal  mass  of  white  matter,  which  is  called  the 
medullary  centre.  The  cortex  is  of  peculiar  interest,  seeing  that  there  is  good  reason 
for  believing  that  in  it  the  higher  functions  of  the  brain,  or  those  which  may  be 
classed  under  the  general  designation  of  the  intellectual  functions,  take  place.  It 
is  within  the  same  layer  of  gray  matter  that  the  influence  of  those  external  impres- 
sions, which  gain  access  to  the  cerebro-spinal  axis  through  the  senses,  finally  take 
shape  as  consciousness ;  and  in  it  also  are  placed  the  centres  which  carry  on  the 
psycho-motor  functions.  The  white  medullary  centre  is  composed  of  nerve-fibres 
which  constitute  the  paths  along  which  the  influence  of  impressions  is  carried  to 
and  from  the  cortex,  and  from  one  part  of  the  cortex  to  another. 

The  Cerebral  Cortex. 

The  gray  cortex  is  spread  over  the  entire  surface  of  the  cerebral  hemisphere,  but 
it  does  not  form  a  layer  of  equal  thickness  in  all  localities.  At  the  summit  of  a 
convolution  it  is  always  thicker  than  at  the  bottom  of  a  furrow.  The  maximum 
thickness  of  cortex  (about  6  mm.)  is  attained  in  the  upper  parts  of  the  two  central 
convolutions,  whilst  the  minimum  (about  2-5  mm.)  may  be  observed  in  the  region 
of  the  occipital  pole.  The  amount  of  gray  cortex  differs  considerably  in  different 
individuals,  and  appreciably  diminishes  in  old  age.  It  is  also  stated,  but  upon 
imperfect  evidence,  that  it  is  relatively  more  abundant  in  the  male  than  in  the 
female. 

In  structure,  likewise,  marked  differences  may  be  noted  in  the  gray  cortex  of 
different  regions,  and  excellent  work  has  been  recently  done  in  the  direction 
of  connecting  these  structural  peculiarities  with  the  functional  characteristics 
of  particular  areas  and  applying  them  to  the  determination  of  morphological 
problems  connected  with  the  cerebral  surface  (Campbell  and  Bolton).  In  certain 
localities  this  structural  difference  is  quite  apparent  to  the  naked  eye  when  sections 
are  made  through  the  cortex.  There  are,  however,  no  sharp  transitions  in  structure. 
One  form  of  cortex  passes,  as  a  rule  gradually  and  almost  insensibly,  into  the  variety 
of  cortex  which  is  distinctive  of  an  adjoining  region,  and  throughout  the  whole 
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mass  a  general  ground  type  may  be  recognised.  It  is  only  to  those  general 
structural  features  which  more  or  less  characterise  the  entire  cortical  layer  that  we 
shall  be  able  to  refer. 

When  sections  are  made  through  the  fresh  brain,  and  the  cut  surface  is  closely 
inspected,  it  will  usually  be  apparent  that  the  cortex  is  indistinctly  stratified.  On 
the  outside  there  is  a  thin,  whitish  layer,  and  beneath  this  the  gray  matter  presents 
two  strata  of  very  nearly  equal  thickness,  viz.  a  middle,  gray-coloured  stratum  and 
an  inner,  yellowish-red  stratum.  Between  the  two  latter  layers  a  narrow  white 
band  is,  in  many  places,  visible.  This  is  termed  the  outer  band  of  Baillarger.  When 
the  layers  indicated  above  are  present,  four  strata  superimposed  on  each  other  are 
recognised ;  but  in  certain  regions,  as,  for  instance,  in  the  anterior  central  convolu- 
tion, a  second  white  streak  traverses  the  deep  or  inner  gray  layer  and  divides  it  into 
two.  This  is  termed  the  inner  white  band  of  Baillarger,  and,  when  it  is  present,  the 
gray  cortex  becomes  divided  obscurely  into  six  alternating  white  and  gray  layers. 

The  outer  band  of  Baillarger  is  strongly  marked  in  the  region  of  the  calcarine 
fissure  and  gives  a  characteristic  appearance  to  this  ])ortion  of  the  cortex.  In  this 
locality  it  receives  the  name  of  the  band  of  Vicq  d'Azyr  or  the  stria  of  Gennari 
(Fig.  465,  p.  579). 

According  to  Henschen  the  visual  centre  is  strictly  limited  to  the  region  in 
which  the  stria  of  Gennari  is  present.  Elliot  Smith  applies  the  name  of  "  striated 
area  "  to  this  cortical  district,  and  considers  that  it  afibrds  a  means  of  identifying 
homologous  sulci  in  the  brains  of  man  and  the  apes. 

To  obtain  a  full  understanding  of  the  minute  structure  of  the  cerebral  cortex  many 
different  methods  must  be  employed,  and  it  is  only  by  combining  the  several  separate 
pictures  which  are  thus  afforded  that  the  end  in  view  is,  in  some  measure,  reached. 

The  stratification  indicated  above  has  little  bearing  upon  the  more  essential  points  of 
the  intimate  structure  of  the  cortex.  The  three  white  layers  are  brought  about  by 
aggregations  of  fibres  running  in  a  tangential  direction,  or,  in  other  words,  in  a  direction 
parallel  to  the  surface  of  the  convolution. 

Nerve-cells. — -According  to  the  arrangement  and  the  characters  presented  by  the 
nerve-cells  w^hich  are  met  with  at  different  depths,  it  is  now  usual  to  recognise  four  layers 
in  the  cortex.    These  are  :  (1)  the  stratum  zonale  ;  (2)  the  layer  of  small  pyramidal  cells  ; 

(3)  the  layer  of  large  pyramidal  cells ;  and  (4)  the  layer  of  polymorphic  cells. 

As  the  pyramidal  cells  are  specially  characteristic  of  the  cerebral  cortex,  we  shall,  in 
the  first  instance,  describe  the  two  layers  which  contain  them.  The  difference  between 
these  two  layers  largely  depends  upon  the  difference  in  the  size  of  the  constituent  cells. 
Taken  together,  the  second  and  third  layers  constitute  the  chief  part  of  the  cortex ;  they 
merge  insensibly  into  each  other,  and,  in  the  parietal  and  frontal  lobes,  the  layer  of  large 
pyramidal  cells  is  the  thickest  of  all  the  layers.  In  both  of  these  strata  the  pyramidal 
cells  present  the  same  form,  and  apparently  also  similar  connexions. 

A  pyramidal  cell  has  a  triangular  outline.  Its  apex  is  directed  towards  the  surface 
of  the  convolution  and  is  drawn  out  into  a  long,  tapering,  apical,  dendritic  process ;  its 
base  is  turned  towards  the  medullary  centre  of  the  gyrus,  and  from  this  (usually  from  the 
centre)  a  slender  axon  proceeds.  Numerous  lateral  dendrites  are  given  oft'  from  both  sides 
of  the  cell-body,  and  particularly  from  the  two  basal  corners.  The  apical  dendrite  varies 
in  length,  according  to  the  depth  at  which  the  cell  is  placed  in  the  cortex.  In  every  case 
it  passes  straight  towards  the  surface  of  the  convolution.  Every  here  and  there  fine 
lateral  branches  come  off  from  it,  and  ultimately  it  enters  the  stratum  zonale,  where, 
close  to  the  surface,  it  ends  by  breaking  up  into  a  large  number  of  fine  terminal  filaments, 
which  spread  out  horizontally  in  every  direction  and  interlace  closely  with  the  corre- 
sponding filaments  of  other  pyramidal  cells  and  with  the  other  elements  of  this  layer. 

The  axon  of  the  cell  descends,  gives  off  collaterals,  assumes  a  medullary  sheath,  and 
enters  the  central  white  core  of  the  gyrus  as  a  nerve  fibre. 

The  stratum  zonale  is  chiefly  composed  of  fibres  which  run  in  a  tangential  direction,  or, 
in  other  words,  parallel  to  the  surface.  These  form  an  interlacement  of  considerable  density 
and  extreme  complexity.  The  elements  which  for  the  most  part  enter  into  the  formation 
of  this  feltwork  are  :  (1)  the  terminal  filaments  of  the  apical  dendrites  of  the  pyramidal 
cells ;  (2)  the  terminal  filaments  of  certain  corticipetal  fibres,  which  enter  the  cortex  from 
the  white  centre  of  the  gyrus  ;  (3)  the  axons  of  certain  small  cells  peculiar  to  this  stratum  ; 

(4)  the  axons  of  the  cells  of  Martinotti.  Spread  over  the  surface  of  this  tangential  inter- 
lacement of  fibres,  which  constitutes  the  most  important  part  of  the  stratum  zonale,  there 
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is  a  thin  layer  of  neuroglia  which  intervenes  between  it  and  the  pia  mater,  which  covers 
the  convolution.  The  stratum  zonale  is  not  devoid  of  nerve-cells,  although  these  are 
small  and  somewhat  indefinite  in  their  connexions.  The  most  characteristic  form  is  a 
small  fusiform  cell  described  by  Cajal,  which  sends  out  from  either  end  a  long  process 

and  which  lies  in  the  deeper 
part  of  the  layer.  The 
long  filamentous  processes 
of  this  cell  thread  their  way 
between  the  other  fibres  in 
a  tangential  direction  and 
give  off  minute  branches 
which  pass  towards  the 
surface. 

The  deepest  layer  of  the 
cortex  contains  the  poly- 
morphic cells.  These  cells 
are  not  large,  and  they 
present  many  difi'erent 
forms.  Numerous  dendrites 
proceed  from  the  cells  of 
this  group,  but  none  of 
these  reach  the  stratum 
zonale,  and  in  this  respect 
the  polymorphic  cells  offer 
a  marked  contrast  to  the 
pyramidal  cells.  The  axons 
of  the  polymorphic  cells, 
however,  like  those  of  the 
pyramidal  cells,  enter  the 
white  centre  of  the  gyms 
in  the  shape  of  nerve-fibres. 

In  addition  to  the  cells 
characteristic  of  the  several 
layers,  there  are  two  which 
may  be  found  amongst  the 
pyramidal  or  amongst  the 
polymorphic  cells.  These 
are  :  (1)  the  cells  of  Golgi  ; 
(2)  the  cells  of  Martinotti. 

A  cell  of  Golgi  has  this 
peculiarity — that  its  axon, 
close  to  its  origin,  begins 
to  divide,  and  very  soon 
loses  its  individuality  by 
breaking  up  into  a  perfect 
maze  of  branches,  none  of 
which  pass  far  from  the 
neighbourhood  of  the  cell- 
body  and  none  of  which 
enter  the  stratum  zonale. 
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Fig. 


-Diagram  to  Illustrate  Minute  Structure  of  the 
Cerebral  Cortex. 


E.  Small  pyramidal  cell. 

F.  Large  pyramidal  cell. 

G.  Cell  of  Martinotti. 

H.  Polymorphic  cell. 
K.  Corticipetal  fibres. 


^■j- Neuroglia  cells. 

C.  Cell  with  short  axon  (N)  which  breaks 

up  in  a  free  arborisation. 

D.  Spindle-shaped  cell  in  stratum  zonale. 

The  cdll  of  Martinotti  is  small  and  is  chiefly  found  in  the  deeper  part  of  the  cortex. 
Its  leading  peculiarity  is,  that  its  slender  axon  runs  in  a  contrary  direction  to  the  axons  of 
the  pyramidal  cells  and  of  the  polymorphic  cells.  In  other  words,  it  proceeds  towards  the 
surface,  and,  entering  into  the  stratum  zonale,  divides  into  terminal  filaments,  which  spread 
out  in  the  tangential  interlacement  characteristic  of  this  layer. 

Nerve-Fibres. — The  arrangement  of  the  nerve-fibres  can  best  be  studied  in  vertical 
sections  through  the  gray  cortex,  which  have  been  specially  treated  with  this  end  in 
view.  In  such  preparations  bundles  of  nerve-fibres  are  seen  to  radiate  into  the  gray 
cortex  from  the  surface  of  the  white  centre  of  the  gyrus.  As  these  proceed  through  the 
polymorphic  layer  into  the  layer  of  large  pyramidal  cells,  they  gradually  become  less 
distinct,  and,  finally,  they  disperse  and  are  lost  to  view  before  they  reach  the  layer  of 
small  pyramidal  cells.  In  the  intervals  between  the  radiating  bundles  the  polymorphic 
and  large  pyramidal  cells  are  arranged  in  columns,  and  in  the  same  intervals  an  open 
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feltwork  of  intercrossing  fibres  is  evident.  After  the  radiating  fibre-bundles  have  dis- 
appeared the  same  feltwork  of  fibres  is  visible  in  the  gray  matter,  and  consequently  it  is 
convenient  to  distinguish,  with  Edinger,  an  inter-radial  feltwork  and  a  supra-radial  felt- 
work of  fibres  in  the  cortex.  The  fibres  which  enter  into  the  composition  of  the  difterent 
radial  bundles  vary  in  number  from  ten  to  twenty,  and  they  gradually  diminish  in  number 
as  they  proceed  onwards.  This  diminution  is  due  to  their  joining  the  various  cells  that 
they  meet  (both  polymorphic  and  pyramidal)  as  their  axons.  The  fibres  in  a  given  bundle 
also  vary  much  in  size,  and  it  may  be  noticed  that  the  largest  fibres  disappear  in  the 
vicinity  of  the  large  pyramidal  cells,  which  shows  clearly  that  it  is  with  these  that  they 
are  connected.  But,  in  addition  to  cell-axons,  the  radial  bundles  contain  fibres  of  an 
altogether  difterent  type,  viz.  corticipetal  fibres,  which  pass  through  all  the  layers  of  the 
cortex  and  end  in  fine  terminal  filaments  in  the  tangential  interlacement  of  the  stratum 
zonale. 

The  inter-radial  and  supra-radial  feltwork  is  largely  formed  of  the  collaterals  which 
issue  from  the  axons.  By  a  condensation  of  this  feltwork  the  two  bands  of  Baillarger  are 
formed.  The  outer  band,  which  is  the  broader  and  better  marked,  occurs  in  the  deeper 
part  of  the  layer  of  the  large  pyramidal  cells.  The  inner  band,  when  present,  is  formed 
in  the  superficial  part  of  the  layer  of  polymorphic  cells. 

Another  condensation  of  the  fibre-feltwork  in  the  superficial  part  of  the  supra-radial 
region  may  be  noted  in  certain  localities.    This  is  termed  the  band,  of  Bechterew. 

It  has  been  noted  that  up  to  a  certain  point  the  tangential  fibres  increase  in  quantity 
as  age  advances,  and  there  is  reason  to  believe  that  upon  the  richness  "vvith  wdiich  the 
gray  cortex  is  supplied  with  fibres — more  especially  of  the  tangential  variety^ — depends  to 
some  extent  the  intellectual  capacity  of  an  individual. 

Whilst  the  general  mass  of  the  cortex  for  the  most  part  conforms  more  or  less  closely^ 
to  the  ground-type  described  above,  showing  merely  deviations  characteristic  of  the 
different  regions,  there  is  one  part  of  the  cortex,  viz.  the  cornu  ammonis  and  the  fascia 
dentata,  in  which  the  structural  arrangement  of  the  elements  is  very  markedly  diflferent. 
To  some  extent  this  is  due  to  the  complicated  manner  in  which,  in  this  region,  the  cortex 
is  folded  upon  itself. 

Olfactory  Tract  and  Bulb, 

The  olfactory  tract  and  bulb  arise  as  a  hollow  outgrowth  from  the  primitive  cerebral 
vesicle.  In  many  animals  with  a  w^ell-developed  olfactory  apparatus,  the  tract  and  bulb 
remain  hollow ;  but  in  man  the  central  cavity  becomes 
obliterated,  although  traces  of  the  original  hollow  persist 
in  the  shape  of  ependymal  remains,  visible  in  the  centre 
of  both  tract  and  bulb.  Outside  these  ependymal 
elements  is  a  coating  of  white  matter,  upon  which  is 
laid  the  gray  matter.  The  gray  matter,  however,  is 
by  no  means  uniformly  distributed  over  the  surface. 
In  the  tract,  except  along  the  dorsal  edge,  it  is  so  thinly 
spread  that  it  is  hardly  appreciable.  In  the  bulb,  on 
the  other  hand,  there  is  very  little  gray  matter  on  the 
dorsum,  but  a  considerable  quantity  on  the  ventral 
surface  ;  and  it  is  into  this  that  the  delicate  nerves  which 
enter  the  cranium  through  the  cribriform  plate  of  the 
ethmoid  bone  sink.  A  brief  description  of  the  structure 
of  this  infrabulbar  mass  of  gray  matter,  as  well  as  of 
the  connexions  established  by  its  elements,  now  becomes 
necessary. 

The  fibres  of  the  delicate  olfactory  nerves  are  to 
be  regarded  as  the  axons  of  the  olfactory  cells  of  the 
olfactory  mucous  membrane.     They  enter  the  ventral  ' 

surface  of  the  olfactory  bulb,  and  there  each  breaks  up    ^-  !ID{|IIZlj| 

in  an  arborescent  fashion  into  a  tuft  of  terminal  filaments. 
A  thick  dendrite  from  a  mitral  cell  of  the  bulb  passes 
down  towards  this  terminal  tuft,  and,  coming  into  con- 
tact with  it,  breaks  up  and  terminates  in  a  similar 
manner.  In  this  way  a  large  number  of  globular  bodies, 
formed  by  the  arborescent  terminations  of  a  mitral 
dendrite  and  of  certain  olfactory  nerve-fibres,  are  formed.  These  are  the  olfactory 
glomeruli  of  the  bulb.    The  mitral  cells  lie  deeper  in  the  olfactory  bulb.    Each  gives 
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Fig.  470. — Diagram  of  the  Minute 
Structure  of  the  Olfactory  Bulb. 
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off  several  dendrites  and  one  axon.  Only  one  dendrite  enters  into  the  formation  of  a 
glomerulus,  but  several  nerve-fibres  may  be  connected  with  such  a  body.  It  thus  happens 
that,  through  its  dendrite,  a  mitral  cell  may  stand  in  connexion  with  several  olfactory 
nerve-fibres.  The  axon  of  the  mitral  cell  passes  upwards  to  the  white  matter  of  the 
bulb,  enters  this,  and  is  conducted  through  the  tract  towards  the  cerebral  cortex. 

White  Medullary  Centre  of  the  Cerebral  Hemisphere. 

The  white  matter  of  the  hemisphere  which  lies  subjacent  to  the  gray  cortex  is 
composed  of  medullated  nerve-fibres,  arranged  in  a  very  intricate  manner.  Accord- 
ing to  the  connexions  which  they  establish  these  fibres  may  be  classified  into  three 
distinct  groups,  viz.  (1)  commissural  fibres ;  (2)  association  fibres ;  and  (3)  projec- 
tion fibres. 

Commissural  Fibres. — These  are  fibres  w^hich  link  together  portions  of  the 
gray  cortex  of  opposite  cerebral  hemispheres.  They  are  arranged  in  three  groups 
forming  three  definite  structures,  viz.  the  corpus  callosum,  the  anterior  commissure, 
and  the  psalterium  or  the  hippocampal  commissure. 

The  corpus  callosum  has  in  a  great  measure  been  already  studied  (p.  570).  As 
it  enters  each  hemisphere,  its  fibres  spread  out  in  an  extensive  radiation  (the  radia- 
tion of  the  corpus  callosum).  It  thus  comes  about  that  every  part  of  the  cerebral 
cortex,  with  the  exception  of  the  bulbus  olfactorii  and  the  under  and  fore  part  of 
the  temporal  lobe,  is  reached  by  the  callosal  fibres.  But  it  should  be  clearly  under- 
stood that  all  the  regions  of  the  cortex  do  not  receive  an  equal  proportion  of  fibres ; 
in  other  words,  some  cortical  areas  would  appear  to  be  more  plentifully  supplied 
than  others.  Another  point  of  some  importance  consists  in  the  fact  that  the  callosal 
fibres  do  not,  as  a  rule,  connect  together  symmetrical  portions  of  the  gray  cortex. 
As  the  fibres  cross  the  mesial  plane  they  become  greatly  scattered,  so  that  most 
dissimilar  parts  of  the  cortex  of  opposite  hemispheres  come  to  be  associated  with 
each  other. 

Each  callosal  fibre  arises  in  one  hemisphere  and  ends  by  fine  terminal  arborisations 
in  the  cortex  of  the  opposite  hemisphere.  It  may  arise  in  any  one  of  three  ways,  viz. 
(1)  as  the  axon  of  one  of  the  cortical  cells,  either  pyramidal  or  polymorphic;  (2)  as  the 
collateral  of  a  fibre  of  association  ;  (3)  as  the  collateral  of  a  fibre  of  projection. 

Many  cases  have  been  recorded  in  which,  through  congenital  defect,  the  corpus 
callosum  has  not  been  developed.  In  the  description  of  this  structure  on  p.  570  attention 
has  been  called  to  a  layer  of  callosal  fibres  which  sweep  over  the  posterior  and  descending 
horns  of  the  lateral  ventricle,  so  as  to  form  the  immediate  outer  wall  of  the  cavity.  This 
layer  is  called  the  tapetum,  and  it  has  been  stated  that  when  the  corpus  callosum  is 
absent  the  tapetum  is  found  in  a  well-developed  condition.  Further,  it  has  been  asserted 
that  in  cases  where  the  corpus  callosum  has  been  experimentally  destroyed  the  tapetum 
suffered  no  degeneration  (Muratoff").  Certain  anatomists  are,  therefore,  inclined  to  argue 
that  the  tapetum  has  little  or  no  connexion  with  the  corpus  callosum.  This  assertion, 
however,  cannot  b}^  any  means  be  regarded  as  being  proved.  There  is  a  large  amount  of 
evidence  on  the  other  side.  Thus,  Mingazzini  has  seen  a  case  of  failure  of  the  corpus 
callosum  which  was  accompanied  b}^  a  corresponding  defect  in  the  tapetum,  whilst  soften- 
ing of  the  splenium  and  the  forceps  major  has  been  observed  by  Anton  to  be  accompanied 
by  a  secondary  degeneration  of  the  tapetum.  Further,  the  recent  experimental  evidence 
of  Ferrier  and  Turner  would  appear  to  support  the  older  view  that  the  tapetum  is  associated 
in  the  closest  manner  with  the  corpus  callosum. 

The  anterior  commissure  (commissura  anterior)  is  a  structure  supplemental  to 
the  corpus  callosum.  It  connects  together  the  two  olfactory  lobes,  and  also  portions 
of  opposite  temporal  lobes.  It  presents  a  cord-like  appearance  and  is  arranged  in 
the  form  of  a  horse-shoe,  the  concavity  of  which  looks  backwards.  The  middle  free 
portion  is  placed  immediately  in  front  of  the  anterior  pillars  of  the  fornix  as  they 
curve  downwards,  and  also  in  intimate  relation  to  the  anterior  end  of  the  third 
ventricle.  Posteriorly,  the  small  portion  of  the  anterior  commissure  which  appears 
in  the  ventricle  between  the  tw^o  pillars  of  the  fornix  is  clothed  with  the  ventricular 
ependyma ;  anteriorly,  the  commissure  is  connected  with  the  lamina  cinerea  as  it 
stretches  from  the  optic  chiasma  upwards  towards  the  rostrum  of  the  corpus 
callosum. 
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The  lateral  part  of  the  anterior  commissure  penetrates  the  cerebral  hemisphere, 
and,  gaining  the  lower  part  of  the  anterior  end  of  the  internal  capsule,  divides  into 
two  portions,  viz.  a  small  lower  olfactory  part  and  a  much  larger  temporal  part. 

The  olfactory  portion  of  the  anterior  commissure  is  an  exceedingly  small  fasci- 
culus. It  passes  downwards  and  forwards,  and  finally  enters  the  olfactory  tract. 
It  is  composed  (1)  of  true  commissural  fibres,  which  bind  one  olfactory  bulb  to  the 
other ;  and  (2)  of  other  fibres,  which  connect  the  olfactory  bulb  of  one  side  with 
the  temporal  lobe  of  the  other  side. 

The  temporal  portion  is  formed  of  almost  the  whole  of  the  fibres  of  the  com- 
missure. It  is  carried  transversely  outwards,  under  the  lenticular  nucleus,  until  it 
gains  the  interval  between  the  globus  pallidus  and  the  putamen.    At  this  point  it 

\entri(;leV.  Corpus  callosuin 


Fig.  471. — Two  Coronal  Sections  through  the  Cerebral  Hemispheres  of  an  Orang, 
IN  THE  Plane  of  the  Anterior  Commissure. 

A,  Section  tlirough  the  left  hemisphere  in  a  plane  a  short  distance  behind  B,  which  is  a  section 
through  the  right  hemisphere. 

changes  its  direction  and  sweeps  backwards.  In  coronal  sections  through  the 
brain,  behind  this  bend,  the  temporal  portion  of  the  anterior  commissure  appears  as 
an  oval  bundle  of  fibres  cut  transversely  and  placed  in  close  contact  with  the  under 
surface  of  the  lenticular  nucleus  (Fig.  468,  p.  582).  Finally,  it  turns  sharply  down- 
wards on  the  outer  aspect  of  the  amygdaloid  nucleus,  and  its  fifjres  are  lost  in  the  white 
medullary  centre  of  the  temporal  lobe.  The  precise  part  of  the  cerebral  cortex  with 
which  these  fibres  stand  in  connexion  is  not  known.  When  the  lateral  part  of  the 
anterior  commissure  is  displayed  by  dissection,  it  is  seen  to  be  twisted  like  a  rope. 

The  psalterium,  or  the  hippocampal  commissure,  is  composed  of  fibres  which  con- 
nect the  cornu  ammonis  of  one  side  with  the  corresponding  structure  of  the  opposite 
side.    It  is  described  on  p.  572. 

Association  Fibres. — The  association  fibres  bind  together  different  portions  of 
the  cortex  of  the  same  hemisphere.  They  are  grouped  into  long  and  short  associa- 
tion bundles. 

The  greater  number  of  the  short  association  fibres  pass  between  adjacent 
convolutions.  They  curve  round  the  bottom  of  the  sulci  in  U-shaped  loops.  Some 
of  these  occupy  the  deepest  part  of  the  gray  cortex  itself,  and  are  termed  intracortical 
association  fibres  (Fig.  469,  p.  586) ;  others  lie  immediately  subjacent  to  the  gray 
matter — between  it  and  the  general  mass  of  the  white  matter — and  receive  the 
name  of  subcortical  fibres.  Many  groups  of  short  association  fibres,  instead  of  linking 
together  contiguous  convolutions,  pass  between  gyri  more  or  less  remote.    It  is  only 
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after  birth,  when  intellectual  effort  and  education  have  stimulated  different  portions 
of  the  cortex  to  act  in  harmony  and  in  conjunction  with  each  other,  that  these 
association  fibres  assume  their  sheaths  of  medulla  and  become  functional. 

The  long  association  fibres  are  arranged  in  bundles  which  run  for  considerable 
distances  within  the  white  medullary  centre  of  the  cerebral  hemisphere,  and  unite 
districts  of  gray  cortex  which  may  be  far  removed  from  each  other.  The  better 
known  of  these  fasciculi  are  the  following:  (1)  the  uncinate;  (2)  the  cingulum ; 
(3)  the  superior  longitudinal ;  (4)  the  inferior  longitudinal ;  (5)  the  occipito-frontal. 

The  fasciculus  uncinatus  is  composed  of  fibres  which  arch  over  the  stem  of  the 
Sylvian  fissure  and  connect  the  frontal  pole,  and  the  orbital  convolutions  of  the 
frontal  lobe,  with  the  front  portion  of  the  temporal  lobe. 

The  cingulum  is  a  very  well-marked  and  distinct  band,  which  is  closely  associated 
with  the  limbic  lobe.  Beginning  in  front,  in  the  region  of  the  anterior  perforated 
spot,  it  arches  round  the  genu  of  the  corpus  callosum  and  is  carried  backwards  on 
the  upper  surface  of  this  structure  at  the  place  where  its  fibres  pass  into  the 


Fig.  472. — Diagram  of  the  Leading  Association  Bundles  of  the  Cerebral  Hemisphere. 
(Founded  on  the  drawings  of  Dejerine.) 

A.  Outer  aspect  of  hemisphere.  B.  Inner  aspect  of  hemisphere. 


callosal  radiation.  The  cingulum,  therefore,  lies  under  cover  of  the  callosal  gyrus 
and  stands  in  intimate  relation  to  the  white  centre  of  this  convolution  (Fig.  457, 
p.  570).  At  the  hinder  end  of  the  corpus  callosum  the  cingulum  turns  round 
the  splenium  and  is  carried  forwards,  in  relation  to  the  hippocampal  gyrus,  to  the 
uncus  and  the  temporal  pole.  The  cingulum  is  composed  of  several  systems  of 
fibres  which  only  run  for  short  distances  within  it. 

The  fasciculus  longitudinalis  superior  is  an  arcuate  bundle  which  is  placed  on  the 
outer  aspect  of  the  foot  or  basal  part  of  the  corona  radiata  and  connects  the  frontal, 
occipital,  and  temporal  regions  of  the  hemisphere.  It  lies  in  the  base  of  the  fronto- 
parietal operculum  and  sweeps  backwards  over  the  insular  region  to  the  posterior 
end  of  the  Sylvian  fissure.  Here  it  bends  downwards  round  the  hinder  end  of  the 
putamen  and  proceeds  forwards  in  the  temporal  lobe,  to  reach  its  anterior  extremity. 
As  it  turns  downwards  to  reach  the  temporal  lobe  numerous  fibres  radiate  from  it 
into  the  occipital  lobe. 

The  fasciculus  longitudinalis  inferior  is  a  very  conspicuous  bundle  which  extends 
along  the  whole  length  of  the  occipital  and  temporal  lobes  (Fig.  457,  p.  570).  In  the 
occipital  lobe  it  is  placed  on  the  outer  aspect  of  the  optic  radiation,  which  takes  a  similar 
direction  and  from  which  it  is  distinguished  by  the  greater  coarseness  of  its  fibres 
(Figs.  462,  p.  576  ;  465,  p.  57.8 ;  473,  p.  592).  It  is  not  present  in  the  macaque 
monkey  (Ferrier  and  Turner),  but  is  well  developed  in  the  orang  and  the  chimpanzee, 

The  fasciculus  occipito-frontalis  is  a  bundle  of  fibres  which  runs  in  a  sagittal  direction 
in  intimate  relation  to  the  lateral  ventricle  (Fig.  468,  p.  582).  It  has  been  pointed  out 
(Forel,  Onufrowicz,  and  others)  that,  in  cases  where  the  corpus  callosum  fails  to  develop, 
the  tapetum  remains  apparently  unaffected,  and  Dejerine  has  endeavoured  to  prove  that 
the  fibres  of  this  layer  really  belong  to  the  fasciculus  occipito-frontalis.  According  to 
Dejerine,  the  fascicuhis  occipito-frontalis  lies  on  the  inner  aspect  of  the  corona  radiata  in 
intimate  relation  to  the  caudate  nucleus,  and  posteriorly  it  spreads  out  over  the  upper 
and  outer  aspect  of  the  lateral  ventricle,  immediately  outside  the  ependyma,  where 
it  constitutes  the  tapetum  (see  p.  588).    There  is  a  considerable  amount  of  literature 
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dealing  with  this  subject,  and  the  most  probable  explanation  of  the  difficulty  would 
appear  to  be  that  the  tapetum  is  composed  of  fibres  derived  from  both  the  corpus 
callosam  and  the  fasciculus  occipito-frontalis  of  Dejerine. 

Projection  Fibres. — The  projection  fibres  are  those  which  connect  the  cerebral 
cortex  with  nuclear  masses  placed  at  a  lower  level.  The  great  bulk  of  these  fibres 
are  found  in  the  corona  radiata.  This  has  already  been  seen  to  be  formed  by  the 
continuation  upwards  of  the  internal  capsule  (p.  583).  In  the  corona  radiata  the 
fibres  which,  lower  down,  are  gathered  together  in  the  compact  mass  which  con- 
stitutes the  internal  capsule,  radiate  in  every  direction,  intersect  the  radiation  of 
the  corpus  callosum,  and  finally  reach  every  region  of  the  cortex.  Although  the 
fibres  of  the  corona  radiata  represent  the  chief  bulk  of  the  projection  fibres,  it  should 
also  be  borne  in  mind  that  a  certain  number  gain  the  cortex  by  a  different  route, 
notably  through  and  under  the  lenticular  nucleus  and  by  the  path  offered  by  the 
external  capsule. 

The  projection  fibres  of  the  cerebral  hemisphere  may  be  classified  into  (1) 
corticipetal,  and  (2)  corticifugal  groups ;  and  under  these  headings  the  following 
great  strands  may  be  arranged  : — 


Corticipetal  Projection  Strands. 

1.  Thalamo-cortical. 

2.  Corticipetal  fibres  of  the  optic  radiation. 

3.  The  auditory  radiation. 


Corticifugal  Projection  Strands. 

1.  The  pyramidal  or  great  motor  tract. 

2.  The  cortico-thalamic, 

3.  The  fronto-pontine  strand. 

4.  The  temporo-pontine  strand. 

5.  The  corticifugal  fibres  of  the  optic  radia- 

tion. 


The  great  motor  or  pyramidal  tract  is  composed  of  fibres  which  arise  from  pyramidal 
cells  in  that  portion  of  the  cortex  which  is  spread  over  the  Kolandic  area,  or,  in 
other  words,  in  the  district  immediately  in  front  of  the  fissure  of  Eolando.  The 
fibres  descend  through  the  corona  radiata  into  the  posterior  limb  of  the  internal 
capsule.  From  this  point  the  further  course  of  the  pyramidal  tract  has  been 
traced,  viz.  through  the  central  part  of  the  crusta  of  the  crus  cerebri,  the  ventral 
part  of  the  pons,  and  the  pyramid  of  the  medulla  oblongata.  At  the  level  of  the 
foramen  magnum  it  decussates  in  the  manner  already  described,  and  enters  the 
spinal  cord  as  the  crossed  and  direct  pyramidal  tracts.  The  fibres  composing  these 
end  in  connexion  with  the  ventral  or  motor  column  of  cells,  from  which  the  fibres 
of  the  anterior  roots  of  the  spinal  nerves  arise. 

The  fronto-pontine  strand  is  composed  of  fibres  which  arise  as  the  axons  of  the 
cells  in  the  cortex  which  covers  the  portion  of  the  frontal  lobe,  which  lies  in  front  of 
the  prsecentral  furrows.  It  descends  in  the  anterior  limb  of  the  internal  capsule, 
enters  the  mesial  part  of  the  crusta  of  the  crus  cerebri,  through  which  it  gains  the 
ventral  part  of  the  pons.  In  this  its  fibres  end,  by  forming  arborisations  around  the 
cells  of  the  nucleus  pontis. 

The  temporo-pontine  tract  consists  of  fibres  which  spring  from  the  cells  of  that 
part  of  the  cortex  which  covers  the  middle  portions  of  the  two  upper  temporal  con- 
volutions. It  probably  represents  a  corticifugal  tract  belonging  to  the  auditory 
system,  seeing  that  it  springs  to  some  extent  from  the  auditory  cortical  area.  The 
temporo-pontine  tract  passes  inwards  under  the  nucleus  lenticularis,  enters  the 
retrolenticular  part  of  the  hinder  limb  of  the  internal  capsule,  and  thus  gains  the 
outer  part  of  the  crusta  of  the  crus  cerebri.  From  this  it  descends  into  the  ventral 
part  of  the  pons,  in  which  it  ends  in  the  nucleus  pontis  (Fig.  439,  p.  546). 

The  optic  radiation  forms  a  very  definite  and  easily  demonstrated  tract  of 
longitudinally-directed  fibres  in  the  white  medullary  centre  of  the  occipital  lobe. 
It  lies  on  the  outer  side  of  the  ventricular  cavity,  from  which  it  is  separated  by  the 
fibres  of  the  tapetum  and  the  ependyma  of  the  ventricle  (Figs.  462,  p.  576  ;  and  465, 
p.  579).  To  the  outer  side  of,  and  applied  closely  to,  the  optic  radiation  is  another 
longitudinal  tract  of  fibres  in  this  part  of  the  medullary  centre  of  the  cerebral  hemi- 
sphere, viz.  the  inferior  longitudinal  association  bundle ;  but  the  fibres  of  the  latter 
fasciculus  are  coarser  and  are  stained  more  deeply  by  the  Pal-Weigert  method,  and 
thus  they  can,  as  a  rule,  be  easily  distinguished  from  the  optic  radiation.  Traced 
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in  a  backward  direction,  the  fibres  of  the  optic  radiation  disperse  and  pass  to  the 
cortex  of  the  occipital  lobe  on  both  its  mesial  and  outer  aspects.  This  is  a  matter 
of  interest,  seeing  that  the  visual  centre  is  placed  in  this  cortical  district,  and  more 
particularly  on  the  mesial  aspect  in  the  immediate  neighbourhood  of  the  calcarine 
fissure  (Flechsig  and  Henschen).  When  the  optic  radiation  is  followed  in  a  forward 
direction  it  is  seen  to  enter  the  retrolenticular  part  of  the  posterior  limb  of  the 
internal  capsule,  from  whence  its  fibres  pass  to  the  pulvinar  of  the  optic  thalamus, 
to  the  corpus  geniculatum  externum  and  the  superior  quadrigeminal  body. 

As  we  have  noted,  the  optic  radiation  is  composed  partly  of  corticifugal  and 
partly  of  corticipetal  fibres  (p.  552).  The  former  arise  from  cells  in  the  occipital 
cortex  and  end  in  the  pulvinar  and  the  superior  quadrigeminal  body  ;  the  cortici- 
petal fibres  arise  in  the  pulvinar  and  in  the  corpus  geniculatum  externum  and 
end  in  the  occipital  cortex  (Ferrier  and  Turner). 

The  system  of  fibres  which  belong  to  the  mesial  fillet  and  the  superior  cerebellar 


Caudate  nucleus — 


Choroid  plexus  in  lateral 
ventricle 


^  ^\   /Corpus  callosuii 
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Fig.  473.  —  Coronal  Section  through  the  Left  Side  of  the  Cerebrum,  Mesencephalon,  and  Pons, 
IN  the  Eegion  of  the  Pulvinar  of  the  Thalamus,  and  the  Corpora  Geniculata  (Chimpanzee  ; 
Weigert-Pal  specimen). 

peduncle  have  been  already  more  or  less  fully  dealt  with  (pp.  535  and  539).  The  fillet 
system  represents  the  continuation  upwards  of  the  posterior  columns  of  the  cord. 
The  first  nuclear  internodes  in  the  system  are  met  with  in.  the  medulla  in  the  shape  of 
the  cuneate  and  gracile  nuclei.  It  is  here  that  the  fillet  first  takes  definite  shape,  and, 
as  it  passes  upwards  through  the  tegmental  part  of  the  medulla  and  pons,  it  receives 
many  additions  to  its  strength  in  the  form  of  fibres  from  the  nuclei  of  termination 
of  the  afferent  cranial  nerves.  Finally,  passing  through  the  tegmentum  of  the 
mesencephalon,  it  reaches  the  subthalamic  region  and  enters  the  ventral  aspect  of 
the  thalamus.  This  may  be  looked  upon  as  being  the  second  internode  laid  across 
the  path  of  the  fillet,  and  its  fibres  end  in  arborisations  around  the  thalamic  cells. 

The  fibres  of  the  superior  cerebellar  peduncle  encounter  two  nuclear  internodes  as 
they  pass  towards  the  cerebral  cortex,  viz.  the  red  tegmental  nucleus  and  the  optic 
thalamus  (p.  536). 

The  fibres  of  the  auditory  radiation  arise  as  the  axons  of  cells  situated  in  the 
internal  geniculate  body.  They  enter  the  retrolenticular  part  of  the  posterior  limb 
of  the  internal  capsule  and  proceed  under  the  lenticular  nucleus  towards  the 
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temporal  lobe.  Here  they  end  in  the  area  of  cortex  which  constitutes  the  auditory 
centre.  This  corresponds  to  the  middle  portion  of  the  superior  temporal  convolu- 
tion, and  also  to  the  rudimentary  transverse  gyri  of  Heschl,  which  are  present  on 
the  insular  surface  of  the  temporal  operculum. 

The  thalamo -cortical  cortico-thalamic  systems  include  the  fibres  which  constitute 
a  double  bond  of  connexion  between  the  thalamus  and  all  parts  of  the  cortex. 
They  are  sufficiently  described  at  p.  545. 

The  remarkable  researches  of  Flechsig  have  added  greatly  to  our  knowledge  of  the  different 
tracts  of  fibres  in  the  cerebral  hemisphere.  By  studying  the  periods  at  whicli  these  tracts 
myelinate  he  has  been  able  to  note  the  manner  in  which  the  different  areas  of  the  cortex  are 
bound  together  and  also  linked.on  to  subjacent  centres.  He  has  arrived  at  a  highly  important 
conception  regarding  the  functional  value  of  different  districts  of  the  cortex,  founded  upon  their 
anatomical  connexions.  He  recognises  four  sense-areas  in  the  cortex,  viz.  the  somtesthetic  area, 
the  visual  area,  the  auditory  area,  and  the  olfactory  area. 

The  somsesthetic  area  is  the  field  of  general  sensibility  and  is  the  most  extensive  of  alL  It 
includes  the  two  central  convolutions,  the  posterior  j^ortions  of  the  three  frontal  convolutions,  the 
paracentral  convolution,  and  the  adjoining  j^art  of  the  callosal  convolution. 

The  visual  area  is  placed  on  the  inner  aspect  of  the  occipital  lobe,  and  more  particularly  in 
the  immediate  neighbourhood  of  the  calcarine  fissure. 

The  auditory  area  corresponds  to  the  middle  third  of  the  suj)erior  temporal  convolution 
and  to  the  transverse  gyri  of  Heschl. 

The  olfactory  area  includes  the  locus  perforatus  anticus,  the  trigonum  olfactorium,  the 
anterior  j^art  of  the  callosal  convolution,  and  the  uncus. 

These  sense-areas  are  peculiarly  rich  in  their  supply  of  projection  fibres,  and  each  is  provided 
with  an  extensive  system  of  both  corticifugal  and  corticipetal  fibres.    Thus  the  somsesthetic  area 


Fig.  474. — -Diagrams  to  show  Flechsig's  sensory  and  association  areas  on  the  snrface  of  the  cerebral 

hemisphere. 

is  the  field  where  the  motor  pyramidal  tract  takes  origin  and  within  which  the  tracts  of  general 
sensibility  end.  The  visual  area  has  the  corticipetal  and  corticifugal  fibres  of  the  optic  radiation. 
The  auditory  area  has  the  corticipetal  auditory  radiation  and  also  the  corticifugal  temporo- 
pontine tract.  In  man  the  olfactory  area  is  feebly  developed,  and  Flechsig  has  not  been  able 
to  establish,  with  certainty,  its  corticijjetal  and  corticifugal  j)i'ojection  tracts. 

The  sense-areas  differ  greatly  from  each  other  in  the  extent  of  cerebral  surface  which  they 
cover.  The  size  in  each  case  is  in  strict  conformity  with  the  j^eripheral  area  with  which  each  is 
in  connexion.  It  can  easily  be  understood,  therefore,  how  the  somsesthetic  area,  representing  as 
it  does  on  the  cortex  all  the  parts  of  the  body  outside  the  special  organs  of  sense,  from  which 
sensory  nerves  proceed,  should  be  so  large.  Further,  it  is  manifest  why  the  visual  sensorial  area, 
which  in  the  cortex  is  the  corresponding  part  to  the  retina,  should  be  of  greater  extent  than  the 
auditory  field,  which  re23resents  the  cochlea,  and  the  olfactory  area,  which  represents  a  small 
amount  of  olfactory  mucous  membrane  in  the  nasal  chamber. 

The  four  sensorial  areas,  taken  together,  only  form  about  one-third  of  the  entire  cerebral 
surface.  The  remaining  two-thirds  of  the  cortex  constitute  what  Flechsig  has  termed  the 
association  centres.  The  great  extent  of  these  in  man  must  be  regarded  as  a  special  human 
characteristic.  These  centres  differ  from  the  sensorial  areas  in  being  poorly  provided  with  pro- 
jection fibres.  They  have  little  direct  connexion  with  the  centres  whicli  lie  at  a  lower  level. 
Indeed,  the  only  direct  bond  of  union  over  a  very  large  extent  of  these  association  areas  with 
lower  centres  consists  of  the  thalamo-cortical  fibres,  which  pass  to  them  from  the  thalamus. 
But,  on  the  other  hand,  they  are  rich  in  association  fibres,  and  are  linked  in  the  most  complete 
and  perfect  manner  by  these  fibres  to  the  sensorial  areas. 

Flechsig  regards  these  association  areas  as  constituting  the  j^ortions  of  cortex  in  which  the 
higher  intellectual  activities  are  carried  on,  and  he  further  believes  that  they  exercise  an 
important  controlling  influence  over  the  sense-areas.  More  particularly  is  this  control  exhibited 
in  the  case  of  the  great  somsesthetic  area,  within  which  the  influence  of  all  bodily  impressions  is 
received  and  transformed  into  consciousness,  and  within  which  the  impulses  which  are  thereby 
42 
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excited  take  definite  form.  These  impulses,  according  to  Fleclisig,  are,  in  a  measure,  in  all 
properly-balanced  minds,  held  in  subjection  by  the  higher  feelings,  which  assume  shape  in  the 
association  centres. 

In  his  study  of  the  foetal  and  infantile  brain  Flechsig  has  shown  that  the  fibres  of  the  sensory 
paths  become  medullated  in  the  first  instance  ;  then  the  corticifugal  fibres  which  go  out  from  the 
sense-areas  assume  their  sheaths  of  myelin  ;  and,  further,  that  it  is  not  until  a  month  after  birth, 
and  after  the  projection  fibres  in  connexion  with  the  sense-areas  are  myelinated,  that  the  associa- 
tion areas  become  linked  on  by  medullated  association  fibres  with  the  sense-areas. 

Development  of  the  Parts  derived  from  the  Fore-brain. 

It  has  been  previously  noted  that  the  fore-brain  very  early  shows  an  obscure  sub- 
division into  a  front  portion,  termed  the  telencephalon,  and  a  hinder  part,  called  the 
diencephalon,  which  corresponds  more  nearly  to  the  original  cavity  of  the  fore-brain. 
The  cavity  of  third  ventricle  is  derived  from  both,  and  stretches  forwards,  therefore,  to 
the  lamina  terminalis,  which  in  its  lower  part  is  represented  in  the  adult  by  the  lamina 
cinerea. 

The  lateral  wall  of  both  sections  of  the  primitive  fore-brain  shows  a  subdivision  into 
a  dorsal  or  alar  and  a  ventral  or  basal  lamina.  The  groove  which  indicates  this  separa- 
tion is  the  sulcus  of  Monro,  and  is  evident  even  in  the  adult  brain. 

In  recognising  an  alar  and  basal  lamina  in  the  fore-brain  the  teaching  of  Professor  His  is 
followed.  This  subdivision,  however,  is  not  admitted  by  all  observers,  and  some  hold  that  the 
fore-brain  is  to  be  regarded  as  a  great  diverticular  expansion  which  grows  out  from  the  mid- 
dorsal  and  alar  laminae  of  the  mesencephalon. 

Alar  Lamina. — -The  alar  part  of  the  lateral  wall  of  the  telencephalon  is  pushed  out 
to  form  the  diverticulum,  which  ultimately  constitutes  the  cerebral  hemisphere,  and  thus 
from  a  very  early  period  the  primitive  position  of  this  part  of  the  lateral  wall  is  indicated 
by  the  wide  foramen  of  Monro,  or  aperture  of  communication  between  the  cavity  of  the 
cerebral  hemisphere  and  the  third  ventricle. 

The  alar  part  of  the  lateral  wall  of  the  diencephalon  is  utilised  for  the  development  of 
the  thalamus,  the  epithalamus,  and  the  metathalamus.  Of  these  the  optic  thalamus  is 
derived  from  the  anterior  and  by  far  the  greatest  part  of  the  alar  wall.  It  arises  as  a 
large  oval  swelling,  which  gradually  approaches  its  fellow  of  the  opposite  side,  and  thus 
diminishes  the  width  of  the  third  ventricle.  Finally,  the  two  bodies  come  into  contact  in 
the  mesial  plane  and  cohere  over  an  area  corresponding  to  the  gray  commissure.  This 
occurs  about  the  end  of  the  second  month. 

From  that  section  of  the  lateral  wall  to  which  the  name  of  metathalamus  is  given  the 
two  geniculate  bodies  arise.  Each  of  these  shows,  in  the  first  place,  as  a  depression  on 
the  inside,  and  a  slight  elevation  on  the  outside,  of  the  wall  of  the  diencephalon.  As  the 
thalamus  grows  backwards,  it  encroaches  greatly  upon  the  territory  occupied  by  the  geni- 
culate bodies.  It  thus  comes  about  that  in  the  adult  brain  the  internal  geniculate  body 
seems  to  hold  a  position  on  the  lateral  aspect  of  the  mesencephalon,  whilst  the  external 
geniculate  body,  viewed  from  the  surface,  appears  to  be  a  part  of  the  thalamus. 

From  the  epithalamic  region  of  the  wall  of  the  diencephalon  are  developed  the  pineal 
gland,  its  peduncle,  and  the  habenular  region.  These  parts  are  relatively  much  more 
evident  in  the  embryonic  than  in  the  adult  brain.  The  pineal  body  is  developed  as  a 
diverticulum  of  the  posterior  part  of  the  roof  of  the  diencephalon.  Viewed  from  the 
dorsal  aspect  of  the  brain-tube,  this  diverticulum  shows  in  the  first  instance  as  a  rounded 
elevation,  from  either  side  of  which  a  broad  ridge  runs  forwards.  This  ridge  becomes 
the  taenia  thalami,  whilst  in  the  region  of  its  junction  with  the  pineal  elevation  the 
trigonum  habenulte  takes  shape.  The  pineal  diverticulum  ultimately  becomes  solid,  but 
a  small  portion  of  the  original  cavity  is  retained  as  the  recessus  pinealis  of  the  third 
ventricle. 

Basal  Lamina. — The  part  of  the  diencephalon  and  telencephalon  which  represents 
the  basal  lamina  lies  below  the  level  of  the  sulcus  of  Monro,  retains  its  primitive  form,  and 
undergoes  only  slight  change.  Consequently,  when  this  region  in  the  adult  brain  is  com- 
pared with  the  corresponding  region  in  the  embryonic  brain,  the  resemblance  between  the 
two  is  very  striking. 

In  the  fore-brain,  therefore,  it  is  the  alar  lamina  which  plays  the  predominant  part  in 
the  formation  of  the  cerebrum.  The  value,  also,  of  the  basal  part  of  the  wall  of  this 
portion  of  the  neural  tube  is  still  further  reduced  by  the  fact  that  it  no  longer  contains 
the  nuclei  of  origin  of  eff'erent  nerves.  The  highest  of  these  nuclei  (the  oculo-motor)  is 
placed  in  the  mesencephalon. 
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The  region  of  the  fore-brain  which  lies  below  the  sulcus  of  Monro  is  termed  the  hypo- 
thalamus. The  part  of  this  which  corresponds  to  the  diencephalon  is  called  the  pars 
mam  m  i  1 1  a  r  i  s  hypothalami, 

whilst  the  part  in  front,  which  ore  ^ 

belongs  to  the  telencephalon, 
receives  the  name  of  pars  optica 
hypothalami. 

From  the  pars  mammillaris 
hypothalami  are  derived  the 
corpus  mammillare  and  a 
portion  of  the  tuber  cinereum. 
With  the  pars  optica  hypo- 
thalami are  associated  the 
following  parts,  viz.  the  tuber 
cinereum,  with  the  infundi- 
bulum  and  the  cerebral  part 
of  the  pituitary  body,  the  optic 
chiasma,  the  optic  recess,  and 
the  lamina  cinerea. 

The  corpora  mammillaria 
form,  in  the  first  instance,  a 
relatively  large  downward 
bulging  of  the  floor  of  the 
brain-tube.  As  development 
goes  on  this  bulging  becomes 
relatively  small,  and  about  the 
fourth  month  the  single  pro- 
jection becomes  divided  into 
the  two  tubercles. 

The  infundibulum  and 
posterior  or  cerebral  lobe  of 
the  pituitary  body  are  de- 
veloped as  a  hollow  downward 
diverticulum  of  the  floor  of 
the  telencephalon  (p.  549).  A 
portion  of  the  original  cavity 
is  retained  in  the  upper  part 
of  the  infundibulum,  and  con-  ^ 
stitutes  the  infundibular  recess 
in  the  floor  of  the  third  ventricle. 

The  optic  nerve  is  chiefly 
formed  by  the  passage  of  fibres 
backwards  from  the  retina 
in  the  wall  of  the  original  optic  stalk,  whilst  the  chiasma  takes  form  by  the  transit  of 
fibres  across  the  middle  line  in  front  of  the  infundibulum  and  behind  the  optic  recess.  To 
a  large  extent  these  fibres  are  derived  from  the  optic  nerve.  The  optic  recess  of  the  third 
ventricle  marks  the  spot  where  the  hollow  optic  vesicle  originally  bulged  out  from  the 
lower  and  lateral  part  of  the  fore-brain,  and  in  the  adult  it  therefore  represents  a  portion 
of  the  primitive  cavity  of  the  tubular  stalk  of  the  optic  vesicle.  In  the  course  of  develop- 
ment the  optic  nerve  fibres,  which  appear  in  the  stalk  of  the  optic  vesicle  to  form  the 
optic  nerve,  seek  an  attachment  much  further  back,  and  through  the  optic  tract  they  are 
even  carried  as  far  as  the  mesencephalon. 

The  roof  of  the  fore-brain  remains  thin,  and  does  not  proceed  to  the  development 
of  nervous  elements,  except  in  its  posterior  part.  Here  it  forms  the  pineal  body  and  the 
posterior  commissure.  In  front  of  these  structures  the  roof  of  the  fore-brain  is  epithelial, 
and  remains  so  during  life.  It  constitutes  the  epithelial  roof  of  the  third  ventricle,  and 
it  becomes  involuted  along  the  middle  line  into  the  cavity  by  the  choroid  plexuses  of  the 
ventricle.  The  posterior  commissure  appears  as  a  transverse  thickening  at  the  bottom  of 
a  transverse  groove  which  appears  in  the  roof  of  the  early  brain-tube  behind  the  pineal 
diverticulum. 

Cerebral  Hemisphere. — The  cerebral  hemisphere  is  derived  from  the  alar  section 
of  the  lateral  wall  of  the  telencephalon.    From  this  it  grows  out  and  soon  assumes  very 
large  dimensions.    At  first  it  grows  forwards  and  upwards,  and  a  distinct  fissure,  the 
4.2  a 


A, 


Fig.  475. — Two  Drawings  of  the  Embryonic  Brain  (by  His). 

Reconstruction  of  the  fore-brain  and  niid-brain  of  His's  embryo  KO  ; 
profile  view.  B,  Same  brain  as  A,  divided  along  the  mesial  plane 
and  viewed  upon  its  inner  aspect. 

Manimillary  eminence  ;  T.c,  Tuber  cinereum  ;  Hp,  Hypophysis 
(pituitary  diverticulum  from  buccal  cavity)  ;  Opt,  Optic  stalk  ; 
TH,  Optic  thalamus  ;  Tg,  Tegmental  part  of  mesencephalon  ;  P.s, 
Par  subthalanuca  ;  C.s,  Corpus  striatum  ;  F.M,  Foramen  of  Monro  ; 
L,  Lamina  ternunalis  ;  R.O,  Recessus  opticus  ;  R.i,  Recessus  infun- 
dibuli. 
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early  incisura  longitiiclinalis  cerebri,  appears  between  the  cerebral  hemispheres  of 
opposite  sides.  The  separation  of  the  two  cerebral  vesicles  by  the  longitudinal  fissure 
begins  at  the  end  of  the  first  month.  This  fissure  becomes  occupied  by  mesoblastic  tissue, 
which  later  on  forms  the  falx  cerebri.  The  cerebral  hemisphere,  in  its  further  growth,  is 
carried  progressively  backwards  over  the  hinder  parts  of  the  developing  brain.  At  the 
end  of  the  third  month  it  has  covered  the  optic  thalamus.  A  month  later  it  reaches  the 
corpora  quadrigemina,  and  by  the  seventh  month  it  has  not  only  covered  these,  but  also 
the  entire  upper  surface  of  the  cerebellum. 

At  the  end  of  the  first  month  the  olfactory  lobe  growls  out  as  a  hollow  protrusion  from 


RECESS  CHIASMA 

Fig.  476. — Two  Drawings  by  His,  illustrating  the  development  of  the  human  braiu. 

A,  Median  section  through  a  foetal  human  brain  in  the  third  month  of  development. 

B,  Schema  showing  the  directions  in  which  the  cerebral  hemisphere  expands  during  its  growth. 

P. M.H.  Pars  mammillaris  hypothalami.         M.  Mammillary  region.  0.  Occipital  lobe. 

P.O.H.   Pars  optica  hypothalami.  F.  Frontal  lobe.  T.  Temporal  lobe. 

P.  Parietal  lobe. 

the  lower  and  fore  part  of  the  cerebral  vesicle.  This  in  course  of  time  becomes  solid  and 
forms  the  olfactory  tract  and  bulb.  In  the  adult  brain  the  point  which  corresponds  to 
the  original  connexion  between  the  early  hollow  olfactory  diverticulum  and  the  cavity  of 
the  cerebral  vesicle  is  represented  by  the  extremity  of  the  anterior  cornu  of  the  lateral 
ventricle. 

In  the  floor  of  the  hollow  cerebral  hemisphere  a  thickening  takes  origin,  and  this 
ultimately  is  developed  into  the  corpus  striatum.  On  the  outer  surface  of  the  vesicle  this 
thickening  is  seen  to  correspond  to  a  depression  which  constitutes  the  early  Sylvian  fossa, 
the  further  development  of  which  is  described  on  p.  556. 

In  the  earlier  stages  of  its  development  the  cerebral  hemisphere  is  a  thin-walled  vesicle 
w^ith  a  relatively  large  cavity,  which  represents  the  primitive  condition  of  the  lateral 
ventricle.  At  first  the  vesicle  is  bean-shaped  and  the  cavity  is  curved.  At  this  stage  the 
outline  is  very  similar  to  that  presented  by  the  cerebral  hemisphere  of  a  quadruped,  and 
there  is  little  or  no  trace  of  an  occipital  lobe  or  of  a  posterior  horn  of  the  lateral  ventricle. 
As  development  goes  on,  however,  the  occipital  portion  of  the  hemisphere  grows  backwards 
over  the  cerebellum  in  the  shape  of  a  hollow  protrusion,  and  a  distinct  occipital  lobe 
enclosing  the  posterior  horn  of  the  lateral  ventricle  is  the  result.  This  developmental 
stage,  which  is  distinctive  of  man  and  the  apes,  begins  about  the  fourth  month. 

On  the  mesial  aspect  of  the  cerebral  hemisphere,  in  the  early  stages  of  its  development, 
an  invagination  of  the  w^all  of  the  vesicle  takes  place  into  the  cavity  immediately  above 
and  behind  the  large  foramen  of  Monro.  This  is  the  choroidal  fissure,  and  the  fold  of  the 
cerebral  wall,  w^hich  is  thus  thrust  into  the  cavity,  remains  thin  and  entirely  epithelial. 
After  a  time  mesoblastic  tissue  from  the  great  longitudinal  fissure  finds  its  way  into  the 
choroidal  fissure  and  occupies  the  interval  between  the  two  thin  layers  which  form  the  fold. 
This  mesoblastic  tissue  forms  the  choroid  plexus  of  the  lateral  ventricle,  and  in  the  early 
stages  of  the  hemisphere  it  is  so  voluminous  that  it  fills  up  the  relatively  large  cavity  of 
the  lateral  ventricle. 

Development  of  the  Gyri  and  Sulci.— In  the  early  stages  of  its  development,  the 
surface  of  the  cerebral  hemisphere  is  smooth  and  closely  applied  to  the  deep  surface  of 
the  cranial  capsule  within  which  it  is  enclosed. 

After  the  occipital  lobe  is  fally  formed  and  the  fifth  month  is  reached,  the  cranium 
grows  for  a  time  more  rapidly  than  the  brain,  with  the  result  that  a  relatively  wide  space  is 
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left  between  the  cerebral  surface  and  the  surrounding  cranial  envelope.  This  is  occupied 
by  sodden  subarachnoid  tissue,  and  when  this  stage  is  reached  (in  the  latter  part  of  the 
fifth  month)  the  sulci  and  gyri  begin  to  make  their  appearance.  The  incomplete  sulci  owe 
their  origin  to  the  upheaval  of  the  cerebral  cortex  on  either  side  of  the  appearing  fissures, 
and  the  gyri  which  bound  them  are  formed  as  the  result  of  an  exuberance  of  surface 
growth  in  localised  areas.  Owing  to  the  wide  interval  between  the  cranial  wall  and  the 
surface  of  the  cerebral  hemisphere,  the  particular  surface  areas  which  grow  and  foreshadow 
the  future  gyri  suffer  no  restriction,  and  they  take  the  form  of  rounded  eminences  which 
rise  from  the  general  surface  level  of  the  cerebral  hemisphere.  As  growth  goes  on,  how- 
ever, the  brain  gradually  assumes  a  bulk  more  nearly  in  accord  with  the  cavity  of  the 
cranium,  and  the  space  for  extension  becomes  more  limited.  Finally,  about  the  beginning 
of  the  eighth  month,  the  gyral  elevations  come  into  close  contact  with  the  cranial  wall, 
and  a  stage  of  growth-antagonism  between  the  brain  and  its  enclosing  capsule  is  entered 
upon.  As  a  result  of  this  the  gyri  are  pressed  together,  the  fissures  assume  more  definite 
shape,  and  the  ordinary  convolutionary  forms  make  their  appearance.  So  intimate,  indeed, 
is  the  contact  between  the  cerebral  hemisphere  and  the  skull  capsule  that  the  gyri,  to 
some  extent,  produce  an  imprint  on  the  deep  aspect  of  the  cranial  bones. 

As  already  explained,  the  complete  fissures  are  produced  by  an  infolding  of  the  wall 
of  the  cerebral  vesicle. 

Cerebral  Commissures. — The  development  of  the  cerebral  commissures  is  sur- 
rounded with  much  difficulty.  It  would  seem  that  the  corpus  callosum,  the  anterior 
commissure,  and  the  fornix  all  take  origin  in  the  lamina  terminalis.  The  triangular 
interval  which  is  left  between  these  commissures  is  occupied  by  the  septum  lucidum — a 
structure  which  has  an  intimate  developmental  and  morphological  connexion  with  the 
gyrus  subcallosus.  The  great  development  of  the  corpus  callosum  in  man  is  to  be 
associated  with  the  enormous  expansion  of  the  human  neo-pallium  of  which  it  is  the 
commissure. 

Weight  of  the  Brain. 

The  average  weight  of  the  adult  male  brain  may  be  said  to  be  about  1360 
grammes.  The  female  brain  weighs  rather  less,  but  this  is  to  be  expected  from  the 
smaller  bulk  of  the  female  body.  Probably  the  relative  weight  of  the  brain  in  the 
two  sexes  is  very  much  the  same.  The  variations  met  with  in  brain-weight  are 
very  great,  but  it  is  doubtful  if  normal  intellectual  functions  could  be  carried  on  in 
a  brain  which  weighs  less  than  960  grammes.  In  microcephalic  idiots  brains  of 
extremely  small  size  are  met  with. 

THE  MENINGES  OF  THE  BRAIN  AND  SPINAL  CORD. 

The  brain  and  spinal  cord  are  enclosed  within  three  membranes,  which  are 
termed  the  meninges  or  meningeal  membranes.  From  without  inwards  these  are  : 
(1)  the  dura  mater,  (2)  the  arachnoid  mater,  and  (3)  the  pia  mater.  The  space 
between  the  dura  mater  and  the  arachnoid  receives  the  name  of  subdural  space, 
while  the  much  more  roomy  interval  between  the  arachnoid  and  the  pia  mater  is 
called  the  subarchnoid  space. 

:  ;  Dura  Mater. 

The  dura  mater  is  a  dense  and  thick  fibrous  membrane  which  possesses  a  very 
considerable  degree  of  strength.  Its  arrangement  within  the  cranial  cavity  is  so 
different  from  that  within  the  spinal  canal  that  it  is  customary  to  speak  of  it  as 
consisting  of  two  parts,  viz.  a  cranial  and  a  spinal,  although  in  adopting  this  sub- 
division it  must  be  clearly  understood  that  both  portions  are  continuous  with  each 
other  at  the  foramen  magnum. 

Cranial  Dura  Mater  (dura  mater  cerebri). — The  cranial  dura  mater  is  adherent 
to  the  inner  surface  of  the  cranial  wall,  and  performs  a  double  office.  It  serves  as 
an  internal  periosteum  for  the  bones  which  it  lines  and  constitutes  an  envelope 
for  the  brain.  Its  inner  surface,  which  bounds  the  subdural  space,  is  smooth  and 
glistening,  and  is  covered  by  a  layer  of  endothelial  cells.  The  outer  surface,  when 
separated  from  the  cranial  wall,  is  rough,  this  being  due  to  numerous  fine  fibrous 
processes  and  blood-vessels  which  pass  between  it  and  the  bones.  Its  degree  of 
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adhesion  to  the  cranial  wall  differs  considerably  in  different  regions.  To  the  vault 
of  the  cranium,  except  along  the  lines  of  the  sutures,  the  connexion  is  by  no  means 
strong,  and  in  the  intervals  between  the  fibrous  processes  which  pass  into  the  bone 
there  are  small  lymph  spaces  (epidural  spaces)  where  the  outer  surface  of  the 
membrane  is  covered  by  endothelial  cells.  So  long  as  the  sutures  are  open  the 
dura  mater  is  connected  with  the  periosteum  on  the  exterior  of  the  skull,  along  the 
sutural  lines,  by  a  thin  layer  of  fibrous  tissue  which  intervenes  between  the  bony 
margins.  Around  the  foramen  magnum,  and  to  the  floor  of  the  cranium,  the  dura 
mater  is  very  firmly  adherent.  This  is  more  particularly  marked  in  the  case  of  the 
projecting  parts  of  the  cranial  floor,  as,  for  example,  the  petrous  portions  of  the 
temporal  bones,  the  clinoid  processes,  and  so  on.  This  firm  adhesion  in  these 
regions  is  still  further  strengthened  by  the  fact  that  the  nerves,  as  they  leave  the 
cranium  through  the  various  foramina,  are  followed  by  sheaths  of  the  fibrous  dura 


Fig.  477. — Sagittal  Section  through  the  Skull,  a  little  to  the  Left  op  the  Mesial  Plane, 
to  show  the  arrangement  of  the  dura  mater. 

The  cranial  nerves  are  indicated  by  numerals. 


mater.  Outside  the  cranium  these  prolongations  of  the  membrane  blend  with  the 
fibrous  sheaths  of  the  nerves,  and  likewise  become  connected  with  the  periosteum  on 
the  exterior  of  the  skull.  In  the  child,  during  the  growth  of  the  cranial  bones,  and 
also  in  old  age,  the  dura  mater  is  more  adherent  to  the  cranial  wall  than  during  the 
intermediate  portion  of  life. 

The  cranial  dura  mater  is  composed  of  two  layers  intimately  connected  with 
each  other,  but  yet  capable  of  being  demonstrated  in  most  regions  of  the  cranium. 
Along  certain  lines  these  two  layers  separate  from  each  other  so  as  to  form  channels 
lined  by  endothelium.  These  channels  are  the  venous  blood-sinuses  which  receive  the 
blood  from  veins  which  come  from  various  parts  of  the  brain.  They  are  described 
in  the  section  dealing  with  the  Vascular  System. 

Strong  fibrous  partitions  or  septa  are  given  off  along  certain  lines  from  the  deep 
surface  of  the  dura  mater.  These  project  into  the  cranial  cavity,  and  subdivide  it 
partially  into  compartments  which  all  freely  communicate  with  each  other,  and 
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each  of  which  contains  a  definite  subdivision  of  the  brain.  These  septa  are  :  (1)  the 
falx  cerebri ;  (2)  the  tentorium  cerebelU ;  (3)  the  falx  cerebelU ;  and  (4)  the 
diaphragma  seUas. 

The  falx  cerebri  is  a  sickle-shaped  partition  which  descends  in  the  great  longi- 
tudinal fissure  between  the  two  hemispheres  of  the  cerebrum.  In  front  it  is  narrow, 
and  attached  to  the  crista  galli  of  the  ethmoid  bone.  As  it  is  followed  backwards 
it  increases  in  breadth,  and  behind  it  is  attached  along  the  mesial  plane  to  the 
upper  surface  of  the  tentorium.  The  anterior  narrow  part  of  the  falx  is  frequently 
cribriform,  and  is  sometimes  perforated  by  apertures  to  such  an  extent  that  it  almost 
resembles  lace-work.  Along  each  border  it  splits  into  two  layers,  so  as  to  enclose  a 
blood-sinus.  Along  its  upper  convex  attached  border  runs  the  great  longitudinal 
sinus ;  along  its  concave  free  border  courses  the  much  smaller  inferior  longitudinal 
sinus ;  whilst  along  its  attachment  to  the  tentorium  is  enclosed  the  straight  sinus. 

The  tentorium  cerebelli  is  a  large  crescentic  partition  of  dura  mater,  which  forms 
a  membranous  tent-like  roof  for  the  posterior  cranial  fossa,  and  thus  intervenes 
between  the  posterior  portions  of  the  cerebral  hemispheres  and  the  cerebellum.  It 
is  accurately  applied  to  the  upper  surface  of  the  cerebellum.  Thus  its  highest  point 
is  in  front  and  in  the  mesial  plane,  and  from  this  it  slopes  downwards  towards  its 
attached  border.  It  is  kept  at  a  high  degree  of  tension,  and  this  depends  on  the 
integrity  of  the  falx  cerebri,  which  is  attached  to  its  upper  aspect  in  the  mesial 
plane. 

The  posterior  border  of  the  tentorium  is  convex,  and  is  attached  to  the  hori- 
zontal ridge  which  marks  the  deep  surface  of  the  occipital  bone.  Beyond  this,  on 
each  side,  it  is  fixed  to  the  postero-inferior  angle  of  the  parietal  bone,  and  then 
forwards  along  the  superior  border  of  the  petrous  portion  of  the  temporal  bone. 
From  the  internal  occipital  protuberance  to  the  postero-inferior  angle  of  the 
parietal  bone  this  border  encloses  the  lateral  Uood-sinus,  whilst  along  the  upper 
border  of  the  petrous  bone  it  encloses  the  superior  petrosal  sinus.  The  anterior 
border  of  the  tentorium  is  sharp,  free,  and  concave,  and  forms  with  the  dorsum 
sella3  an  oval  opening  shaped  posteriorly  like  a  pointed  arch.  This  opening  receives 
the  name  of  the  incisura  tentorii,  and  within  it  is  placed  the  mesencephalon,  or  the 
stalk  of  connexion  between  the  parts  which  lie  in  the  posterior  cranial  fossa  and 
the  cerebrum.  Beyond  the  apex  of  the  petrous  part  of  the  temporal  bone  the  tw^o 
margins  of  the  tentorium  cross  each  other  like  the  limbs  of  the  letter  X ;  the  free 
margin  is  continued  forwards,  to  be  attached  to  the  anterior  clinoid  process,  whilst 
the  attached  border  proceeds  inwards,  to  be  fixed  to  the  posterior  clinoid  process. 

The  falx  cerebelli  is  a  small,  sickle-shaped  process  of  dura  mater  placed  below 
the  tentorium,  wdiich  projects  forwards  in  the  mesial  plane  from  the  internal  occi- 
pital crest.  It  occupies  the  notch  which  separates  the  two  hemispheres  of  the 
cerebellum  posteriorly.  Infer iorly  it  bifurcates  into  two  small  diverging  ridges 
which  gradually  fade  away  as  they  are  traced  forwards  on  either  side  of  the  foramen 
magnum. 

The  diaphragma  sellae  is  a  small  circular  fold  of  dura  mater  which  forms  a  roof 
for  the  pituitary  fossa.  A  small  opening  is  left  in  its  centre  for  the  transmission 
of  the  infuhdibulum. 

Spinal  Dura  Mater  (dura  mater  spinalis). — In  the  spinal  canal  the  dura  mater 
forms  a  tube  which  encloses  the  spinal  cord,  and  which  extends  from  the  foramen 
magnum  above  to  the  level  of  the  second  or  third  piece  of  the  sacrum  below.  It 
is  very  loosely  applied  to  the  spinal  cord  and  the  nerve-roots  which  form  the 
Cauda  equina ;  in  other  words,  it  is  very  capacious  in  comparison  with  the  volume 
of  its  contents.  Moreover,  its  calibre  is  not  uniform.  In  the  cervical  and  lumbar 
regions  it  is  considerably  wider  than  in  the  dorsal  region,  whilst  in  the  sacral 
canal  it  rapidly  contracts,  and  finally  ends  by  blending  with  the  filum  terminale 
externum,  the  chief  bulk  of  which  it  forms.  At  the  upper  end  of  the  spinal 
canal  the  spinal  dura  mater  is  firmly  fixed  to  the  third  cervical  vertebra,  to  the 
axis  vertebra,  and  around  the  margin  of  the  foramen  magnum.  In  the  sacral 
canal  the  filum  terminale  externum,  with  which  it  blends,  extends  downwards  to 
the  back  of  the  coccyx,  to  the  periosteum  of  which  it  is  fixed.  The  lower  end  of 
rthe  tube  is  thus  securely  anchored  and  held  in  its  place. 
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Within  the  cranial  cavity  the  dura  mater  is  closely  adherent  to  the  bones,  and 
forms  for  them  an  internal  periosteum.  As  it  is  followed  into  the  spinal  canal  its 
two  constituent  layers  separate.  The  inner  layer  is  carried  downwards  as  the  long 
cylindrical  tube  which  encloses  the  spinal  cord.  The  outer  layer,  which  is  much 
thinner,  becomes  continuous  behind  and  on  each  side  of  the  foramen  magnum  with 
the  periosteum  on  the  exterior  of  the  cranium,  whilst  in  front  it  is  prolonged 
downwards  into  the  vertebral  canal  in  connexion  with  the  periosteum  and  ligaments 
on  the  anterior  wall  of  the  canal.  The  spinal  dura  mater,  therefore,  corresponds  to 
the  inner  layer  of  the  cranial  dura  mater,  and  to  it  alone.  It  is  separated  from  the 
walls  of  the  spinal  canal  by  an  interval,  the  epidural  space,  which  is  occupied  by 
soft  fat  and  a  plexus  of  thin-walled  veins.  In  connexion  with  the  spinal  dura 
mater  there  are  no  blood-sinuses  such  as  are  present  in  the  cranial  cavity,  but  it 
should  be  noted  that  the  veins  in  the  epidural  space,  placed  as  they  are  between 
the  periosteum  of  the  spinal  canal  and  tube  of  dura  mater,  occupy  the  same 
morphological  plane  as  the  cranial  blood-sinuses.  Another  feature  which  serves  to 
distinguish  the  spinal  dura  mater  from  the  cranial  dura  mater  consists  in  the  fact 
that  it  gives  off  from  its  deep  surface  no  partitions  or  septa. 

The  cylindrical  tube  of  spinal  dura  mater  does  not  lie  absolutely  free  within 
the  vertebral  canal.  Its  attachments,  however,  are  of  such  a  character  that  they 
in  no  way  interfere  with  the  free  movement  of  the  vertebral  column.  On  either 
side  the  spinal  nerve-roots,  as  they  pierce  the  dura  mater,  carry  with  them  into  the 
intervertebral  foramina  tubular  sheaths  of  the  membrane,  whilst  in  front  loose 
fibrous  prolongations — more  numerous  above  and  below  than  in  the  dorsal  region — 
connect  the  tube  of  dura  mater  to  the  posterior  common  ligament  of  the  vertebral 
column.  No  connexion  of  any  kind  exists  between  the  dura  mater  and  the  posterior 
wall  of  the  spinal  canal. 

When  the  interior  of  the  tube  of  spinal  dura  mater  is  inspected,  the  series  of 
apertures  of  exit  for  the  roots  of  the  spinal  nerves  is  seen.  These  are  ranged  in 
pairs  opposite  each  intervertebral  foramen. 

Viewed  from  the  inside  of  the  tube  of  dura  mater,  each  of  the  two  roots  of  a 
spinal  nerve  is  seen  to  carry  with  it  a  special  and  distinct  sheath.  When  examined 
on  the  outside,  however,  the  appearance  is  such  that  one  might  be  led  to  conclude 
that  both  roots  are  enveloped  in  one  sheath  of  dura  mater.  This  is  due  to  the  fact 
that  the  two  sheaths  are  firmly  held  together  by  intervening  connective  tissue. 
The  two  tubular  sheaths  remain  distinct  as  far  as  the  ganglion  on  the  posterior 
root,  and  then  blend  with  each  other. 

Subdural  Space. — The  dura  mater  and  the  arachnoid  mater  are  closely  applied 
to  each  other,  and  the  capillary  interval  between  them  is  termed  the  subdural 
space.  It  contains  a  minute  quantity  of  fluid,  which  is  just  sufficient  in  amount  to 
moisten  the  opposed  surfaces  of  the  two  bounding  membranes. 

The  subdural  space  in  no  way  communicates  with  the  subarachnoid  space. 
The  fluid  which  it  contains  is  led  into  the  venous  blood-sinuses  around  the 
Pacchionian  bodies,  and  thus  gains  exit.  The  subdural  space  is  carried  outwards 
for  a  very  short  distance  on  the  various  nerves  which  are  connected  with  the 
brain  and  the  spinal  cord,  and  it  has  a  free  communication  with  the  lymph-paths 
present  in  these  nerves.  In  the  case  of  the  optic  nerve  the  sheath  of  dura  mater 
is  carried  along  its  whole  length,  and  with  it  the  subdural  space  is  likewise  pro- 
longed to  the  back  of  the  eyeball. 

The  Arachnoidea. 

The  arachnoid  mater  is  a  very  thin  membrane,  remarkable  for  its  delicacy  and 
transparency,  which  envelopes  both  the  brain  and  the  cord  between  the  dura  mater 
and  the  pia  mater.  The  cranial  part  of  the  arachnoid  mater  or  the  arachnoidea 
encephali,  except  in  the  case  of  the  great  longitudinal  and  the  Sylvian  fissures,  does 
not  dip  into  the  sulci  on  the  surface  of  the  brain.  In  this  respect  it  differs  from 
the  pia  mater.  It  bridges  over  the  inequalities  on  the  surface  of  the  brain. 
Consequently,  on  the  basal  aspect  of  the  encephalon  it  is  spread  out  in  the  form  of 
a  very  distinct  sheet  over  the  medulla,  the  pons  Varolii,  and  the  hollow  which  lies 
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in  front  of  the  pons,  and  in  certain  of  these  regions  it  is  separated  from  the  brain- 
surface  by  wide  intervals. 

The  spinal  part  of  the  arachnoid  mater  or  arachnoidea  spinalis,  which  is  directly 
continuous  with  the  cranial  arachnoidea,  forms  a  loose  wide  investment  for  the 
spinal  cord.  This  arachnoidal  sac  is  most  capacious  towards  its  lower  part,  where  it 
envelopes  the  lower  end  of  the  cord  and  the  collection  of  long  nerve-roots  which 
constitute  the  cauda  equina. 

As  the  nerves,  both  from  the  brain  and  the  cord,  pass  outwards  they  receive  an 
investment  from  the  arachnoid,  which  runs  for  a  short  distance  upon  them  and 
then  comes  to  an  end. 

Subarachnoid  Space  (cavum  subarachnoidale). — The  interval  between  the 
arachnoidea  and  the  pia  mater  receives  the  name  of  the  subarachnoid  space.  It 
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Fig.  478. — Diagram  to  show  tlie  relations  of  the  membranes  ot  the  brain  to  the  cranial  wall  and  the  cerel)ral 
convolutions,  and  also  ot  the  I'accliionian  bodies  to  the  superior  longitudinal  sinus  and  the  lateral  lacuna?. 


contains  the  cerebro- spinal  Huid,  and  communicates  freely  through  certain  well- 
defined  apertures  with  the  ventricular  cavities  in  the  interior  of  the  brain.  Three 
of  these  (viz.  the  foramen  of  Majendie  and  another  at  the  extremity  of  each  lateral 
recess)  are  in  connexion  with  the  fourth  ventricle ;  two  are  slit-like  openings  into 
the  lateral  ventricles,  and  are  placed  at  the  extremity  of  each  descending  horn. 

Within  the  cranium  the  subarachnoid  space  is  broken  up  by  a  meshwork  of  fine 
filaments  and  trabeculse,  which  connects  the  two  bounding  membranes  (viz.  the 
arachnoidea  and  the  pia  mater)  in  the  most  intimate  manner,  and  forms  a  delicate 
sponge-like  interlacement  between  them.  Where  the  arachnoidea  passes  over  the 
summit  of  a  cerebral  convolution,  and  is  consequently  closely  applied  to  the  sub- 
jacent pia  mater,  the  meshwork  is  so  dense  and  the  trabeculse  so  short  that  it  is 
hardly  possible  to  discriminate  between  the  two  membranes.  To  all  intents  and 
purposes  they  form  in  these  localities  one  lamina.  In  the  intervals  between  the 
rounded  margins  of  adjoining  convolutions,  however,  distinct  angular  spaces  exist, 
where  the  subarachnoid  trabecular  tissue  can  be  studied  to  great  advantage.  These 
intervals  on  the  surface  of  the  cerebrum  constitute  numerous  communicating 
channels  which  serve  for  the  free  passage  of  the  subarachnoid  fluid  from  one  part  of 
the  brain  to  another.  The  larger  branches  of  the  arteries  and  veins  of  the  brain 
traverse  the  subarachnoid  space ;  their  walls  are  directly  connected  with  the  sub- 
arachnoid trabeculse,  and  are  bathed  by  subarachnoid  fluid. 

In  certain  situations  within  the  cranium  the  arachnoidea  is  separated  from  the 
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pia  mater  by  intervals  of  considerable  width  and  extent.  These  expanded  portions 
of  the  subarachnoid  space  are  termed  cisternse  subarachnoidales.  In  these  the  sub- 
arachnoid tissue  is  much  reduced.  There  is  no  longer  a  close  meshwork ;  the 
trabeculae  connecting  the  two  bounding  membranes  take  the  form  of  long  fila- 
mentous intersecting  threads  which  traverse  the  spaces.  All  the  subarachnoid 
cisterns  communicate  in  the  freest  manner  with  each  other  and  also  with  the 
narrow  channels  on  the  surface  of  the  cerebrum. 

Certain  of  these  cisterns  require  special  mention.  The  largest  and  most  con- 
spicuous is  the  cisterna  magna.  It  is  formed  by  the  arachnoid  membrane  bridging 
over  the  wide  interval  between  the  back  part  of  the  under  surface  of  the  cerebellum 
and  the  medulla.  It  is  continuous  through  the  foramen  magnum  with  the  posterior 
part  of  the  wide  subarachnoid  space  of  the  cord. 

The  cisterna  pontis  is  the  continuation  upwards  on  the  floor  of  the  cranium  of 
the  anterior  part  of  the  subarachnoid  space  of  the  spinal  cord.  In  the  region  of 
the  medulla  it  is  continuous  behind  with  the  cisterna  magna,  so  that  this  sub- 
division of  the  brain,  like  the  spinal  cord,  is  surrounded  by  a  wide  subarachnoid 
space. 

In  front  of  the  pons  Varolii  the  arachnoidea  bridges  across  between  the  pro- 
jecting temporal  lobes,  and  covers  in  the  deep  liollow  in  this  region  of  the  brain. 
This  space  is  called  the  cisterna  basalts,  and  within  it  are  placed  the  large  arteries 
which  take  part  in  the  formation  of  the  circle  of  Willis.  Leading  out  from  the 
cisterna  basalis  there  are  certain  wide  subarachnoid  channels.  Two  of  these  are 
prolonged  into  the  Sylvian  fissures,  and  in  these  are  accommodated  the  middle 
cerebral  arteries.  Anteriorly  the  basal  cistern  passes  into  a  space  in  front  of  the 
optic  chiasma,  and  from  this  it  is  continued  into  the  great  longitudinal  fissure 
above  the  corpus  callosum.  In  this  subarachnoid  passage  the  anterior  cerebral 
arteries  are  lodged. 

The  spinal  part  of  the  subarachnoid  space  is  a  very  wide  interval  which  is 
partially  subdivided  into  compartments  by  three  incomplete  septa.  One  of  these 
is  a  mesial  partition  called  the  septum  posticum,  which  connects  the  pia  mater 
covering  the  posterior  aspect  of  the  cord  with  the  arachnoid  mater.  In  the  upper 
part  of  the  cervical  region  the  septum  posticum  is  imperfect,  and  is  merely  repre- 

Dura  mater  seutcd  by  somc  strauds  pass- 

^^^.iiachnoid  ing  bctwecn  the  two  mem- 

jamentum  denticulatum  ^^^^nes ;  in  the  lowcr  part  of 
the  cervical  region  and  in 
the  dorsal  region  it  becomes 
tolerably  complete.  The 
other  two  septa  are  formed 
by  the  ligamenta  denticulata 
which  spread  outwards  from 
either  side  of  the  spinal  cord. 
These  will  be  described  with 
the  pia  mater. 

Pacchionian  Bodies 
(granulationes  arach- 
noidales). — When  the  sur- 
face of  the  dura  mater  is 
inspected  after  the  removal 
of  the  calvaria,  a  number  of 
small  fleshy-looking  excres- 
cences, purplish-red  in  colour, 
are  seen  ranged  in  clusters  on 
either  side  of  the  superior 
longitudinal  sinus,  and  when 
this  sinus  is  opened  they  are 
also  observed  protruding  in  considerable  numbers  into  its  interior.  These  are  the 
Pacchionian  bodies,  and  they  are  also  found  in  smaller  number  and  distinctly 
smaller  size  in  connexion  with  other  blood-sinuses,  such  as  the  lateral  sinus,  the 
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Fig.  479. — Membranes  of  the  Spinal  Cord,  and  the  mode  of 
Origin  of  the  Spinal  Nerves. 
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straight  sinus,  and  the  cavernous  sinus.  At  first  sight  they  appear  to  belong  to 
the  dura  mater,  but  in  reality  they  are  ])rojections  from  the  arachnoidea.  In  the 
child  they  are  exceedingly  small  and  rudimentary,  and  it  is  only  as  life  advances 
that  they  become  large  and  conspicuous. 

Each  Pacchionian  body  is  a  bulbous  protrusion  of  the  arachnoid  membrane. 
It  is  attached  to  the  arachnoidea  by  a  narrow  pedicle,  and  into  its  interior  is  pro- 
longed through  this  a  continuation  of  the  subarachnoid  space  and  its  characteristic 
meshwork.  The  Pacchionian  bodies  do  not  pierce  the  dura  mater.  As  they  push 
their  way  into  a  blood-sinus  they  carry  before  them  a  thin  covering  continuous 
with  the  sinus  wall.  On  either  side  of  the  superior  longitudinal  sinus  there  are  a 
number  of  irregular  spaces  in  the  dura  mater  which  communicate  with  the  sinus 
either  by  a  small  aperture  or  a  narrow  channel.  These  spaces  are  called  the 
parasinoidal  sinuses  or  the  lacunas  laterales,  and  certain  of  the  meningeal  veins  and 
some  of  the  diploic  veins  open  into  them.  Pacchionian  bodies  push  themselves 
into  the  parasinoidal  sinuses  from  below  in  such  a  manner  that  they  receive  a 


Pacchionian  body  Mouth  of  a  vein 


Fig,  480. — Mesial  Section  through  the  Cranial  Vault  in  the  Frontal  Kegion.    Displays  a  portion 
of  the  superior  longitudinal  sinus  and  the  Pacchionian  bodies  protruding  into  it  (enlarged). 

complete  covering  from  the  layer  of  dura  mater  which  forms  the  sinus  floor.  Nor 
does  the  bone  escape.  As  the  Pacchionian  bodies  enlarge  they  cause  absorption 
of  the  cranial  wall,  and  small  pits  are  hollowed  out  on  its  deep  surface  for  their 
reception.  It  must  be  clearly  understood,  however,  that  in  such  cases  the 
Pacchionian  body  is  separated  from  the  bone  by  the  following : — (1)  A  con- 
tinuation round  the  Pacchionian  body  of  the  subdural  space  ;  (2)  the  thinned 
floor  of  the  parasinoidal  sinus ;  (3)  the  lumen  of  the  sinus ;  and  (4)  the  greatly 
thinned  upper  wall  of  the  sinus. 

The  Pacchionian  bodies  have  a  special  function  to  perform.  Through  them 
fluid  can  pass  from  the  subarachnoid  space  into  the  venous  sinuses  with  which  they" 
stand  in  connexion.  Whenever  the  pressure  of  blood  in  the  sinuses  is  lower  than 
that  of  the  fluid  in  the  subarachnoid  space  and  the  ventricles  of  the  brain,  the 
cerebro-spinal  fluid  filtrates  through  the  Pacchionian  bodies  into  the  blood-sinuses. 
This  is  not  the  only  way  that  subarachnoid  fluid  may  obtain  exit.  The  sub- 
arachnoid space  is  carried  outwards  for  a  short  distance  on  the  nerves  in  connexion 
with  their  arachnoidal  sheaths,  and  communicates  with  the  lymph  channels  of  the 
nerves.  This  connexion  is  more  complete  in  the  case  of  the  olfactory,  the  optic, 
and  the  auditory  nerves,  than  in  other  nerves,  A  very  free  communication  between 
the  subarachnoid  space  and  the  lymphatics  of  the  nasal  mucous  membrane  is  said 
to  exist. 

The  Pia  Mater. 

The  pia  mater  forms  the  immediate  investment  of  the  brain  and  cord.  It  is  a 
delicate  and  very  vascular  membrane. 

Pia  mater  encephali. — The  pia  mater  which  covers  the  brain  is  finer  and 
more  delicate  than  that  which  clothes  the  spinal  cord.  It  follows  closely  all  the 
inequalities  on  the  surface  of  the  brain,  and  in  the  case  of  the  cerebrum  it  dips 
into  each  sulcus  in  the  form  of  a  fold  which  lines  it  completely.  On  the  cerebellum 
the  relation  is  not  so  intimate ;  it  is  only  into  the  larger  fissures  that  it  penetrates 
in  the  form  of  folds. 
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The  larger  blood-vessels  of  the  brain  lie  in  the  subarachnoid  space.  The  finer 
twigs  ramify  in  the  pia  mater  before  they  proceed  into  the  substance  of  the  brain. 
As  they  enter  .they  carry  with  them  sheaths  derived  from  the  pia  mater.  When 
a  portion  of  the  membrane  is  raised  from  the  surface  of  the  encephalon,  numerous 
fine  processes  are  withdrawn  from  the  cerebral  surface.  These  are  the  blood-vessels 
with  their  sheaths,  and  they  give  the  deep  surface  of  the  pia  mater  a  rough  and 
flocculent  appearance. 

As  the  pia  mater  is  carried  over  the  lower  part  of  the  roof  or  posterior  wall  of 
the  fourth  ventricle  of  the  brain  it  receives  the  name  of  the  tela  choroidea  inferior, 
and  it  is  in  connexion  with  this  portion  of  the  pia  mater  that  the  choroid  plexuses 
of  that  cavity  are  developed.  The  tela  choroidea  superior  or  velum  interpositum 
is  a  fold  of  pia  mater  which  is  invaginated  into  the  brain,  so  that  it  comes  to  lie 
over  the  third  ventricle  and  project  in  the  shape  of  choroid  plexuses  into  the 
lateral  ventricles.    This  invagination  requires  special  notice. 

The  velum  interpositum  (tela  choroidea  superior)  is  a  double  layer  or  fold  of  pia 
mater  which  intervenes  between  the  body  of  the  fornix  which  lies  above  it  and  the 
epithelial  roof  of  the  third  ventricle,  and  the  two  optic  thalami  which  lie  below  it. 
Between  its  two  layers  are  blood-vessels,  and  some  subarachnoidal  trabecular 
tissue.  In  shape  the  velum  interpositum  is  triangular,  and  the  narrow  anterior 
end  or  apex  reaches  forwards  as  far  as  the  foramina  of  Monro.    The  base  lies 


wards  on  the  under  surface  of  the  velum  interpositum,  and  project  downwards  into 
the  third  ventricle.    These  are  the  choroid  plexuses  of  the  third  ventricle. 

The  most  conspicuous  blood-vessels  in  the  velum  interpositum  are  the  two 
veins  of  Galen,  which  run  backwards,  one  on  either  side  of  the  mesial  plane.  In 
front,  each  is  formed  at  the  apex  of  the  fold  by  the  union  of  the  vein  of  the 
corpus  striatum  and  a  large  vein  issuing  from  the  choroid  plexus  ;  behind,  they 
unite  to  form  the  vena  magna  G-aleni,  and  this  pours  its  blood  into  the  anterior 
end  of  the  straight  sinus  (Fig.  477,  p.  598). 

The  continuous  cleft  in  the  brain  through  which  the  velum  interpositum  and 
the  choroid  plexuses  of  the  two  descending  horns  of  the  lateral  ventricles  are 


under  the  splenium  of  the  corpus 
callosum,  and  here  the  two  layers 
of  the  velum  separate  and  become 
continuous  with  the  investiug  pia 
mater  on  the  surface  of  the  brain 
by  passing  out  through  a  cleft 
called  the  transverse  fissure. 


Fig.  481.— Dissection  to  show  the  Velum  Interpositum, 
AND  the  Parts  in  immediate  Relation  to  it. 


Along  each  lateral  margin  the 
velum  interpositum  is  bordered 
by  the  choroid  plexus  of  the  body 
of  the  lateral  ventricle,  which 
projects  into  the  ventricular  cavity 
from  under  cover  of  the  free 
lateral  margin  of  the  fornix.  It 
should  be  borne  in  mind  that  the 
epithelial  lining  of  the  ventricle 
gives  a  complete  covering  to  the 
choroid  plexus.  Posteriorly  the 
choroid  plexus  is  continuous  with 
the  similar  structure  in  the  de- 
scending horn  of  the  ventricle, 
whilst  in  front  it  narrows  greatly, 
and  becomes  continuous  across  the 
mesial  plane  with  the  correspond- 
ing plexus  of  the  opposite  side, 
V)ehind  the  epithelial  layer  which 
lines  the  foramen  of  Monro.  From 
this  median  junction  two  much 
smaller  choroid  plexuses  run  back- 


THE  PIA  MATEE. 


6Q5 


fissure. 

former 


Lateral  ventricle 


Position  of  t.en 
semicircular 


Taenia  tlialami 


Choroid  plexus  Vent 


Fia.  482. — Diagrammatic  Coronal  Section  througli  the  optic 
tlialami,  and  the  parts  in  immediate  relation  to  them.  The  inter- 
mediate part  of  the  great  transverse  fissure  holding  the  velum 
interpositum  is  seen,  and  also  the  manner  in  which  this  fissure  is 
shut  out  from  the  lateral  ventricles  hy  the  epithelium  which  covers 
the  choroid  plexus  on  each  side. 


introduced  into  the  interior  of  the  brain  is  sometimes  called  the  transverse 
It  consists  of  an  upper  intermediate  part  and  two  lateral  parts.  The 
passes  forwards  between  the 
corpus  callosum  and  the 
fornix  above  and  the  roof  of 
the  third  ventricle  and  the 
optic  thalami  below.  It  is 
limited  on  either  side  by 
the  epithelial  covering  of  the 
choroid  plexuses,  which  shuts 
out  these  structures  from 
the  cavity  of  the  lateral  ven- 
tricles. The  lateral  part  is 
the  choroidal  fissure.  This 
is  continuous  with  the  in- 
termediate part,  and  has 
already  been  described  in 
connexion  with  the  descend- 
ing horn  of  the  lateral 
ventricle  (p.  578). 

Pia  mater  spinalis. — 
The  pia  mater  of  the  cord 
is  thicker  and  denser  than 
that  of  the  brain.  This  is 
largely  due  to  the  addition  of  an  outside  fibrous  layer,  in  which  the  fibres  run 
chiefly  in  the  longitudinal  direction.  The  pia  mater  is  very  firmly  adherent  to 
the  surface  of  the  cord,  and  in  front  it  sends  a  fold  into  the  antero-median  fissure 
of  the  cord.    The  septum  which  occupies  the  postero-median  fissure  is  likewise 

ijura  mater  fimily  attaclicd  to  its  dcop 

Arachnoid  surfacc.     In   frout  of  the 

Liojamentumdenticuiatum  autcro  -  median    furrow  of 

the  cord  the  pia  mater  is 
thickened  in  the  form  of 
a  longitudinal  glistening 
band,  termed  the  linea 
splendens,  which  runs  along 
the  whole  length  of  the 
cord,  and  blends  with  the 
filum  terminale  below.  The 
blood-vessels  of  the  spinal 
cord  lie  between  the  two 
layers  of  the  pia  mater. 

The  nerves  which  leave 
both  the  brain  and  cord 
receive  closely  -  applied 
sheaths  from  the  pia  mater. 
These  blend  with  the  con- 
nective-tissue sheaths  of  the 
nerves. 

The  ligamentum  denticu- 
latum  is  a  strong  fibrous 
band  which  stretches  out 
like  a  wing  from  the  pia  mater  on  either  side  of  the  spinal  cord,  so  as  to  connect 
the  pia  mater  with  the  dura  mater.  The  pial  or  inner  attachment  of  the  ligament 
extends  in  a  continuous  line  between  the  anterior  and  posterior  nerve-roots,  from 
the  level  of  the  foramen  magnum  above  to  the  level  of  the  first  lambar  vertebra 
below.  Its  outer  margin  is  serrated  or  denticulated,  and  for  the  most  part  free. 
From  twenty  to  twenty-two  denticulations  may  be  recognised.  They  occur  in  the 
intervals  between  the  spinal  nerves,  and  pushing  the  arachnoid  before  them,  they 
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Fig.  483. — Membranes  op  the  Spinal  Cord,  and  the  mode 
Origin  of  the  Spinal  Nerves. 
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are  attached  by  their  pointed  ends  to  the  inner  surface  of  the  dura  mater.  The 
hgamenta  denticulata  partially  subdivide  the  wide  subarachnoid  space  in  the  spinal 
canal  into  an  anterior  and  a  posterior  compartment.  The  anterior  nerve-roots 
traverse  the  anterior  compartment,  whilst  the  posterior  nerve-roots  traverse  the 
posterior  compartment.  Further,  the  posterior  compartment  is  imperfectly  sub- 
divided into  a  right  and  a  left  lateral  part  by  the  septum  posticum. 

By  means  of  the  ligamenta  denticulata  the  spinal  cord  is  suspended  in  the 
middle  of  the  tube  of  dura  mater. 


THE  PERIPHERAL  NERVES  AND  THE  SYMPATHETIC 
NERVOUS  SYSTEM. 


By  A.  M.  Paterson. 
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Arising  from  the  brain  and  spinal  cord  respectively,  the  cranial  and  spinal 
nerves  are  responsible,  collectively,  for  the  central  localisation  of  peripheral 
stimuli,  or  for  the  transmission  peripherally  of  central  impulses.  The  sense 
organs  and  the  somatic  regions  of  the  body  are  in  direct  communication  by 
the  nerves  with  the 
brain  and  spinal  cord. 
The  splanchnic  area, 
and  the  viscera  which 
it  contains,  are  gov- 
erned by  nerves  con- 
nected with  the  central 
nervous  system.  By 
means  of  the  sym- 
pathetic nervous  sys- 
tem, the  nerves  from 
the  cerebro-spinal  sys- 
tem are  directed  to 
their  several  destina- 
tions in  the  splanchnic 
area :  and  connexions 
are  effected  with  the 
roots  of  the  nerves  on 
the  one  hand,  and 
through  their  peri- 
pheral branches,  with 
the  somatic  region,  on 
the  other  hand. 


Dorsal  nerve-root 
Ventral  nerve-root 

Ventral  nerve-root 
Ligamentum 
denticulatum 
Arachnoid 


Pia  mater 


Dorsal  nerve-root 


Posterior  prim 
divisio 

Anterior  primary 
division 


Dorsal  ganglion 

Posterior  primary 
division 


Antei'ior  primary  division 
Ventral  nerve-root 


Spinal  cord 


THE  SPINAL 
NERVES. 

The  spinal  nerves 

are  arranged  in  pairs, 
of  which  there  are 
usually  thirty  -  one. 
Each  nerve  arises  by 
two  roots  from  the 
spinal  cord,  which 
separately  pierce  the  dura  mater.  Enclosed  in  a  tubular  investment  of  this 
membrane,  the  nerve  emerges  from  the  spinal  canal  through  the  intervertebral 
foramen,  and  is  distributed  to  the  trunk  and  limbs  in  a  manner  to  be  described  below. 

The  nerves  are  designated  cervical,  thoracic,  lumbar,  sacral,  and  coccygeal,  in  rela- 
tion to  the  vertebrae  between  which  they  emerge  from  the  spinal  canal.  Each  nerve 
appears  below  the  corresponding  vertebra,  except  the  first  of  the  cervical  series, 
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Fig.  484, — Scheme  of  the  Arrangement  of  the  Membranes  of  the 
Spinal  Cord  and  the  Roots  of  the  Spinal  Nerves. 
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which  passes  out  of  the  spinal  canal  between  the  occipital  bone  and  the  atlas. 
There  are  thus  eight  cervical  nerves  (the  last  appearing  between  the  seventh 
cervical  and  first  thoracic  vertebree)  ;  there  are  hvelve  thoracic,  Iwrnhdj:,  five 
sacral,  and  one  coccygeal  nerve,  all  appearing  below  the  corresponding  vertebra?. 

The  thirty-first  nerve  is  occasionally  absent ;  and  there 
are  sometimes  one  or  two  additional  pairs  of  minute 
filaments  below  the  thirty-first,  which,  however,  do  not 
emerge  from  the  spinal  canal.  These  are  rudimentary 
caudal  nerves. 

The  size  of  the  spinal  nerves  varies  extremely.  The 
largest  are  those  which  take  part  in  the  formation  of  the 
great  nerve -trunks  for  the  supply  of  the  limbs  (lower 
cervical  and  first  thoracic,  and  lower  lumbar  and  upper 
sacral  nerves) ;  and  of  these  the  nerves  destined  for  the 
lower  limbs  are  the  larger.  The  coccygeal  nerve  is  the 
smallest  of  the  sj^inal  nerves ;  the  thoracic  nerves  (except 
the  first)  are  much  more  slender  than  the  limb  nerves  ; 
and  the  cervical  nerves  diminish  in  size  from  below  up- 
w^ards. 

Origin  of  the  Spinal  Nerves. — Each  spinal 
nerve  is  attached  to  the  spinal  cord  by  two  roots, 
called  respectively  dorsal  (posterior)  and  ventral 
(anterior). 

The  dorsal  root  is  larger  than  the  ventral  root ; 
it  contains  a  larger  number  of  rootlets,  and  the  in- 
dividual rootlets  are  of  larger  size  than  in  the  ventral 
root.  It  has  a  vertical  linear  attachment  to  the 
postero-lateral  sulcus  of  the  spinal  cord.  The  rootlets 
of  contiguous  dorsal  roots  are  in  close  relation,  and,  in 
some  instances,  overlap.  The  dorsal  root  separates  as 
it  passes  away  from  the  cord  into  two  bundles,  both 
of  which  become  connected  with  the  inner  end  of  a 
spinal  ganglion.  From  the  outer  end  of  this  ganglion 
the  dorsal  root  proceeds  to  its  junction  with  the 
ventral  root  in  the  intervertebral  foramen. 

The  spinal  ganglia  are  found  on  the  dorsal  roots 
of  all  the  spinal  nerves.  (In  the  case  of  the  first 
cervical  or  sub-occipital  nerve,  the  spinal  ganglion  may 
be  rudimentary  or  absent ;  and  the  dorsal  root  itself 
may  be  wanting,  or  derived  from  the  spinal  accessory 
nerve.)  They  occupy  the  intervertebral  foramina, 
except  in  the  case  of  the  sacral  and  coccygeal  nerves, 
the  ganglia  of  which  lie  vnthin  the  vertebral  canal : 
and  the  first  and  second  cervical  nerves,  the  ganglia 
of  which  lie  upon  the  neural  arches  of  the  atlas  and 
axis  respectively.  With  the  exception  of  the  coccygeal 
ganglia  they  are  outside  the  cavity  of  the  dura  mater, 
but  are  invested  by  the  membrane.  The  ganglia 
are  of  ovoid  form,  bifurcated  in  some  cases  at  their 
inner  ends.  They  consist  of  unipolar  nerve -cells, 
whose  processes,  after  a  very  short  course,  divide  into 
respectively  in  relation  to  the  spinal  central  (root)  and  peripheral  (trunk)  fibres.  The 
column    The  nerves_are  shown  as  central  fibres  form  the  portion  of  the  root  entering 

thick  black  lines  on  the  left  side.        _  .     .         ^       _  •         i  • 

the  spmal  cord  ;  the  peripheral  fibres  are  contmued  m 
an  outward  direction  from  the  ganglion  into  the  spinal  nerve. 

Accessory  spinal  ganglia  (ganglia  aberrantia). — Between  the  spinal  ganglion  and  the  spinal 
cord  small  collections  of  cells  are  occasionally  found  on  the  dorsal  roots,  either  as  scattered  cells 
or  distinct  ganglia.  They  are  most  frequently  met  with  on  the  dorsal  roots  of  the  lumbar  and 
sacral  nerves. 


Fig.  485. — Diagrammatic  Repre- 
sentation OF  THE  origin  OF  THE 
Spinal  Nerves,  showing  the  posi- 
tion of   their   roots  and  ganglia 
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The  ventral  root  is  smaller  than  the  dorsal  root.  It  arises  from  the  anterior 
surface  of  the  spinal  cord  {anterior  root  zone)  by  means  of  scattered  bundles  of 
nerve-fibres,  which  occupy  a  greater  horizontal  area  and  are  more  irregular  in  their 
arrangement  than  the  fascicles  of  the  dorsal  root.  It  possesses  no  ganglion  in  its 
course.  The  rootlets  sometimes  overlap,  and  are  not  unfrequently  connected  with 
neighbouring  rootlets  above  and  below. 

The  dorsal  and  ventral  roots,  from  their  attachment  to  the  spinal  cord,  proceed 
outwards  in  the  spinal  canal  towards  the  intervertebral  foramina,  where  they 
unite  to  form  the  spinal  nerve.  The  direction  of  the  roots  of  the  first  two  nerves 
is  upwards  and  outwards;  the  roots  of  the  remaining  nerves  course  obliquely 
downwards  and  outwards,  the  obliquity  gradually  increasing  until,  in  the  case  of 
the  lower  lumbar,  the  sacral  and  coccygeal  nerve-roots,  their  course  is  vertically 
downwards  in  the  spinal  canal.  The  collection  of  nerve -roots  which  occupies 
the  lower  part  of  the  canal  below  the_  first  himbar  vertebra,  and  comprises  all  the 
nerve-roots  below  those  of  the  first  lumbar  nerve,  is  designated  the  cauda  eauina. 
They  arise  from  the  lumbar  enlarge- 
ment and  conus  medullaris,  and  sur- 
round the  filum  terminale  of  the  spinal 
cord. 

Within  the  spinal  canal  the  nerve- 
roots  are  in  relation  with  the  meninges 
of  the  cord,  and  are  separated  from  one 
another  by  the  ligamentum  denti- 
culatum,  and,  in  the  neck,  by  the  spinal 
part  of  the  spinal  accessory  nerve.  Each 
receives  a  covering  of  pia  mater,  con- 
tinuous with  the  neurilemma ;  the 
arachnoid  invests  each  root  as  far  as 
the  point  where  it  meets  with  the  dura 
mater ;  and  each  j'qot_j3ierces  the  dura 
mater  separately.  The  two  roots  are 
thereafter  enclosed  in  a  single  tubular 
sheath  of  dura  mater,  in  which  is  included 
the  spinal  ganglion  of  the  dorsal  root. 
The  spinal  nerve  thus  formed  lies  in 
the  intervertebral  foramen,  except  in 
the  case  of  the  first  two  cervical  and 
the  sacral  and  coccygeal  nerves. 

Divisions  of  a  Spinal  Nerve. — 
After  emerging  from  the  intervertebral 
foramen  the  nerve  immediately  divides 
into    two    primary   divisions,  named 

primary  divisions.  Just  before  its  division  each  nerve  gives  off  a  minute 
recurrent  branch,  which  re-enters  the  vertebral  canal  after  effecting  a  junction 
with  a  branch  from  the  sympathetic  cord,  and  is  distributed  to  the  sx^inal  cord 
and  its  membranes. 

The  posterior  and  anterior  primary  divisions  of  the  spinal  nerve  are  responsible 
for  the  innervation  of  the  skeletal  muscles  and  the  skin  covering  the  trunk 
and  limbs.  They  are  thus,  properly  speaking,  the  somatic  branches  of  the 
spinal  nerve. 

In  relation  to  certain  of  tlie  nerves,  a  series  of  miicli  smaller  branches  exist  which  are  connected 
with  the  sympathetic  system  (Fig.  486,  .SF),  in  a  way  to  be  described  later.  These  constitute  the 
white  rami  communicantes,  and  may  be  termed  the  visceral  divisions  of  the  spinal  nerves.  They 
are  derived  from  the  anterior  primary  divisions  of  the  nerves,  and  receive  their  fibres  mainly 
from  the  ventral  roots,  though,  at  least  in  the  case  of  certain  nerves,  from  the  dorsal  roots  as  well. 
These  nerves  are  directed  inwards  from  the  intervertebral  foramen  over  the  vertebral  column,  and, 
becoming  connected  with  the  sympathetic  cord,  convey  spinal  fibres  to  the  organs  and  tissues  in 
the  sjDlanclinic  area. 

The  posterior  and  anterior  primary  divisions  of  the  nerves  contain  fibres  from 
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-Scheme  of  the  Distribution  of  a 
Typical  Spinal  Nerve. 
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both  dorsal  and  ventral  roots.  Indeed,  each  root  can  be  seen,  on  removal  of  its 
sheath,  to  divide  into  two  portions,  of  which  one  portion  enters  into  the  formation 
of  the  posterior,  the  other  into  the  formation  of  the  anterior  primary  division. 
The  posterior  primary  divisions,  with  the  exception  of  the  first  two,  are  smaller 
than  the  anterior  primary  divisions  ;  and  they  are,  generally  speaking,  responsible  for 
the  innervation  of  the  skin  and  muscles  of  the  back.  They  do  not  supply  the  muscles 
of  the  limbs;  although  in  their  cutaneous  distribution  they  are  prolonged  on  to 
the  back  of  the  head,  the  shoulder,  and  the  buttock.  They  form  two  small  plexuses 
— the  posterior  cervical  and  the  posterior  sacral  plexuses.  The  anterior  primary 
divisions  are,  with  the  exception  of  the  first  two  cervical  nerves,  much  larger  than 
the  posterior  primary  divisions.  They  supply  the  sides  and  fore-parts  of  the  body, 
the  limbs,  and  the  perineum.  For  the  most  part  they  have  a  complicated 
arrangement.  The  thoracic  or  intercostal  nerves  alone  have  a  simple  mode  of  dis- 
tribution ;  the  other  nerves  give  rise  to  the  three  great  plexuses — cervical,  brachial, 
and  lumbo- sacral. 

Distribution  of  the  Spinal  Nerves. — The  distribution,  like  the  origin  of  the 
posterior  and  anterior  primary  divisions  of  the  spinal  nerves,  presents  primarily  and 
essentially  a  segmental  arrangement,  masked  and  in  some  cases  obliterated  by  develop- 
mental changes  which  have  occurred  in  the  parts  supplied.  In  no  region  can  a  single 
nerve  be  traced  to  a  complete  segment.  In  the  trunk  between  the  limbs  the  nearest 
approach  to  a  complete  girdle  is  formed  by  such  a  nerve  as  the  sixth  thoracic  nerve. 
In  its  cutaneous  distribution  it  forms  a  perfect  belt,  the  nerve  by  its  posterior  and 
anterior  primary  divisions  supplying  a  distinctly  segmental  area  from  the  middle  line 
of  the  trunk  behind  to  the  sternum  in  front.  Its  muscular  distribution,  also,  is 
almost  perfectly  segmental.  The  anterior  primary  division  supplies,  unaided,  the 
intercostal  muscles  of  the  segment  in  which  it  lies.  The  posterior  primary  division 
supplies  muscles  in  the  back,  not,  however,  in  a  strictly  segmental  manner,  on  account 
of  the  fact  that  the  segmental  myotomes  have  fused  together  in  the  back  to  give  rise 
to  complex  longitudinal  muscles,  which  are  together  supplied  by  the  series  of  muscular 
branches  derived  from  the  posterior  primary  divisions  of  contiguous  nerves.  In  other 
regions  greater  changes  cause  more  marked  deviations  from  a  simple  segmental  type  of 
distribution  and  give  rise  to  the  various  plexuses,  by  which  the  trunk,  and  more  particu- 
larly the  limbs,  are  innervated. 


POSTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NERVES. 

The  posterior  primary  divisions  of  the  spinal  nerves  are  distributed  generally  to 
the  skin  of  the  back  of  the  trunk,  the  back  of  the  head,  the  shoulder  and  the 
buttock,  and  to  the  longitudinal  muscles  of  the  back,  but  not  to  the  muscles  of  the 
limbs. 

Each  posterior  primary  division  divides  as  a  rule  into  two  parts,  an  internal  and 
an  external  trunk  (Fig.  486,  p.  609).  In  the  upper  half  of  the  body  the  internal 
trunks  generally  supply  the  cutaneous  branches,  while  the  external  trunks  are 
purely  muscular  nerves.  In  the  lower  part  of  the  body  the  opposite  is  the  case : 
the  external  trunks  provide  the  cutaneous  nerves  and  the  internal  trunks  are 
distributed  entirely  to  muscles.  The  cutaneous  branches  have  a  different  course 
in  the  two  cases.  In  the  upper  half  of  the  back  they  course  inwards  and  back- 
wards beneath  and  among  the  muscles  to  within  a  short  distance  of  the  spinous 
processes  of  the  vertebrae,  close  to  which  they  become  superficial.  They  then 
extend  outwards  in  the  superficial  fascia.  In  the  lower  half  of  the  back  the 
cutaneous  nerves  are  directed  downwards  and  outwards  among  the  muscles,  and 
become  superficial  at  a  greater  distance  from  the  middle  line. 
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CERVICAL  NERVES. 

First  Cervical  Nerve  (n.  sub-occipi- 
talis). — ^It  has  already  been  pointed  out 
that  the  dorsal  root  of  this  nerve  may 
be  rudimentary,  or  even  absent  altogether. 
Its  posterior  primary  division  is  larger 
than  the  anterior  primary  division;  it 
does  not  divide  into  internal  or  external 
branches,  and  it  does  not  directly  supply 
any  cutaneous  branch. 

Passing  backwards  in  the  space  be- 
tween the  occipital  bone  and  the  posterior 
arch  of  the  atlas,  the  nerve  occup' 
sub  -  occipital 
triangle,  and  is 
placed  below 
and  behind  the 
vertebral  artery, 
and  under  cover 
of  the  complexus 
muscle.    It  sup- 
plies the  follow- 
ing branches : — 

((()  Muscular 
branches  to  the 
complexus,  recti 
capitis  postici, 
major  and  minor, 
and  obliqui, 
superior  and  in- 
ferior. 

(c)  A  commu- 
nicating branch 
descends  to  join 
the  second  cervi- 
cal nerve. 

The  communi- 
cating branch  may 
arise  in  common 
with  the  nerve  to 
the  obliquus  in- 
ferior, and  reach 
the  second  cervical 
nerve  by  piercing 
or  passing  over  or 
beneath  the  obli- 
quus inferior.  Or 
it  may  accompany 
the  nerve  to  the 
complexus,  and 
communicate  with 
the  great  occipital 
nerve,  after  pierc- 
ing that  muscle. 

Fig,  487. — The  Distribution  of  Cutaneous  Nerves  on  the  Back  of  the  Trunk. 
On  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters  indicating  their  nomenclature. 

G.O  (C.2),  Great  occipital  ;  C.3,  Least  occipital;  T.l  et  seq.,  Posterior  primary  divisions  of  thoracic  nerves  ; 
L.l  et  seq.,  Posterior  primary  divisions  of  first  three  lumbar  nerves  ;  S.l  et  seq.,  Posterior  primary 
divisions  of  sacral  nerves  ;  Acr,  Acromial  branches  from  cervical  plexus  ;  T.2-12,  Lateral  branches  of 
thoracic  nerves  ;  Circ,  Cutaneous  branches  of  circumflex  nerve  ;  L.l,  Iliac  branch  of  ilio-hypogastric 
nerve  ;  E.C,  External  cutaneous  nerve  ;  S.Sc,  Small  sciatic  nerve. 

On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  numerals 
indicating  the  spiual  origin  of  the  branches  of  distribution  to  each  area. 
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Second  Cervical  Nerve. — The  posterior  primary  division  of  this  nerve  is 
larger  than  the  corresponding  anterior  primary  division.  It  passes  backwards 
between  the  atlas  and  axis,  and  in  the  interval  between  the  obliquus  inferior 
and  the  semispinalis  colli  muscles,  under  cover  of  the  complex  us  muscle.  In  this 
situation  the  nerve  gives  off  several  small  muscular  and  communicating  branches. 
The  main  trunk,  after  piercing  the  complexus  and  trapezius  muscles,  accompanies 
the  occipital  artery  to  the  scalp  as  the  great  occipital  nerve  (n.  occipitalis  major). 
This  is  the  chief  cutaneous  nerve  for  the  back  part  of  the  scalp.  It  enters  the 
superficial  fascia  at  the  level  of  the  superior  curved  line  of  the  occipital  bone  and 
about  an  inch  from  the  external  occipital  protuberance.  Ramifying  over  the 
surface,  it  supplies  the  skin  of  the  scalp  as  far  as  the  vertex.    It  communicates 
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the  scalp  with  the  following  nerves  :  great  auricular,  small  occipital,  posterior 
auricular,  and  least  occipital. 

The  muscular  branches  of  the  second  cervical  nerve  are  destined  for  the  com- 
plexus, obliquus  inferior,  semispinalis  colli,  and  multifidus  spinas. 

Its  communicating  branches  form  the  posterior  cervical  plexus.  Descending  over 
the  posterior  arch  of  the  atlas  is  a  branch  from  the  sub-occipital  nerve  which  forms  a  loop 
or  network  with  a  corresponding  branch  of  the  second  nerve.  From  this  loop  twigs  are 
supplied  to  the  surrounding  muscles.  A  similar  loop  is  formed  by  a  communication 
between  branches  of  the  second  and  third  nerves,  from  which  muscles  are  also  supplied. 
Occasionally  an  additional  loop  is  formed  between  branches  of  the  third  and  fourth  nerves. 

Third  Cervical  Nerve. — This  is  much  smaller  than  the  second  nerve.  Near 
its  origin  it  forms  a  loop  of  communication  with  the  second,  and  it  may  give  off 
a  similar  communicating  branch  to  the  fourth  nerve.  The  main  trunk  divides 
into  internal  cutaneous  and  external  muscular  branches.  The  external  muscular 
branch  enters  contiguous  muscles  ;  the  internal  cutaneous  branch  passes  baickwards 
and  inwards,  and  becomes  superficial  as  the  third  or  least  occipital  nerve  (n.  occipi- 
talis minimus),  close  to  the  middle  line  of  the  neck.  It  supplies  fine  branches  to 
the  neck  and  scalp,  and  communicates  with  the  great  occipital  nerve. 
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The  fourth,  fifth,  and  sixth  cervical  nerves  are  still  smaller.  Beneath  the  com- 
plexus  each  divides  into  external  muscular  and  internal  cutaneous  branches.  The 
muscular  branches  supply  neighbouring  muscles ;  the  cutaneous  branches  are  small 
nerves,  which,  passing  backwards,  become  superficial  close  to  the  middle  line.  They 
supply  the  skin  of  the  back  of  the  neck.  The  sixth  is  the  smallest,  and  its  cutaneous 
branch  is  minute,  and  may  be  absent  altogether.  In  certain  cases  the  fourth  nerve 
forms,  with  the  third,  a  loop  of  communication  from  which  muscles  are  supplied. 

Seventh  and  Eighth  Cervical  Nerves.^ — ^These  are  the  smallest  of  the  posterior 
primary  divisions  of  the  cervical  nerves.  They  give  off  ordinarily  no  cutaneous 
branches,  and  end  in  the  deep  muscles  of  the  back. 

THORACIC  NERVES. 

The  posterior  primary  division  of  each  thoracic  nerve  divides  into  an  internal 
and  external  branch.  In  the  case  of  the  upper  six  thoracic  nerves  the  internal 
branches  are  chiefly  distributed  as  cutaneous  nerves, — only  giving  off  small  muscular 
branches — while  the  external  branches  are  wholly  muscular  in  their  distribution  ; 
in  the  case  of  the  lower  six  thoracic  nerves  the  opposite  is  the  case.  In  all  cases 
the  muscular  branches  serve  to  innervate  the  longitudinal  muscles  of  the  back. 
The  distribution  of  the  cutaneous  branches  is  different  in  the  upper  and  lower 
part  of  the  back.  The  uj^per  six  or  seven  thoracic  nerves  innervate  the  skin  of 
the  scapular  region.  The  internal  cutaneous  branches,  after  passing  backwards  from 
their  origin  among  the  dorsal  muscles,  reach  the  surface  near  the  spines  of  the 
vertebrae  and  are  directed  almost  horizontally  outwards  over  the  vertebral  border 
of  the  scapula.  The  first  is  small ;  the  second  is  very  large  and  reaches  to  the 
acromion  process.  The  rest  diminish  in  size,  from  above  downwards,  and  become 
more  and  more  oblique  in  direction.  The  external  cutaneous  branches  of  the  lower 
five  or  six  thoracic  nerves  are  directed  from  their  origin  obliquely  downwards  and 
outwards  among  the  parts  of  the  erector  spinte  muscle.  Becoming  cutaneous  by 
piercing  the  latissimus  dorsi  at  some  distance  from  the  middle  line,  they  supply 
the  skin  of  the  back  in  the  lower  part  of  the  chest  and  loin,  the  lowest  nerves 
(eleventh  and  twelfth)  reaching  over  the  iliac  crest  on  to  the  buttock.  The  lower 
nerves  often  subdivide  into  two  branches  before  or  after  their  emergence  from  the 
latissimus  dorsi  muscle. 

LUMBAR  NERVES. 

First  three  Lumbar  Nerves. — The  posterior  primary  divisions  of  the  first 
three  lumbar  nerves  subdivide  into  internal  and  external  branches,  in  the  same 
way  as  the  lower  thoracic  nerves.  The  internal  branches  are  muscular  and 
innervate  the  deep  muscles  of  the  back.  The  external  branches  are  chiefly 
cutaneous.  They  are  directed  obliquely  downwards  and  outwards  among  the 
fibres  of  the  erector  spinae  and  become  superficial  by  piercing  the  vertebral 
aponeurosis,  just  above  the  iliac  crest  and  a  short  distance  in  front  of  the  posterior 
iliac  spine.  They  are  then  directed  downwards  in  the  superficial  fascia  of  the 
buttock,  and  supply  a  lengthy  strip  of  skin,  extending  from  the  middle  line  above 
the  iliac  crest  to  a  point  below  and  behind  the  great  trochanter  of  the  femur. 

The  fourth  and  fifth  lumbar  nerves  (like  the  last  two  cervical  nerves)  usually 
supply  only  muscular  branches  to  the  longitudinal  muscles  of  the  back.  The  fifth 
nerve  in  many  cases  sends  a  minute  branch  to  form  a  loop  of  connexion  with  the 
posterior  primary  division  of  the  first  sacral  nerve  (posterior  sacral  plexus). 

SACRAL  AND  COCCYGEAL  NERVES. 

The'  posterior  primary  divisions  of  the  sacral  nerves  issue  from  the  posterior 
sacral  foramina.  As  in  the  case  of  the  thoracic  and  lumbar  nerves,  the  upper 
sacral  nerves  differ  from  the  lower  in  their  distribution. 

The  first  three  sacral  nerves  supply  internal  muscular  branches  for  the 
multifidus  spin^e,  and  external  cutaneous  branches  which  pierce  the  fibres  of  the 
sacro-sciatic  ligament  and  the  gluteus  maximus  muscle,  and  supply  the  skin  over 
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the  back  of  the  sacrum  and  contiguous  part  of  the  buttock,  giving  rise  to  the 
posterior  sacral  plexus. 

The  posterior  sacral  plexus  consists,  like  the  posterior  cervical  plexus,  of  loops 
or  plexiform  communications  over  the  back  of  the  sacrum  between  the  posterior  primary 
divisions  of  the  first  three  sacral  nerves,  to  which  are  frequently  joined  branches  of  the 
last  lumbar  nerve  and  fourth  sacral  nerve.  From  these  loops  branches  proceed  to 
supply  the  multifidus  spinse  muscle  ;  others,  piercing  the  great  sacro-sciatic  ligament,  form 
secondary  loops  beneath  the  gluteus  maximus  muscle.  From  the  secondary  loops,  two  or 
more  cutaneous  branches  arise,  which,  after  traversing  the  muscle,  supply  the  skin  over 
the  sacrum  and  inner  part  of  the  buttock. 

Posterior  Sacro-coccygeal  Nerve. — The  posterior  divisions  of  the  fourth  and 
fifth  sacral  nerves  do  not  divide  into  internal  and  external  branches.  They  unite 
together  to  form  a  cord  which,  descending  behind  the  coccyx,  receives  the  minute 
posterior  primary  division  of  the  coccygeal  nerve.  The  union  of  the  three  nerves 
constitutes  the  posterior  sacro-coccygeal  nerve,  which,  after  perforating  the  sacro- 
sciatic  ligament,  is  distributed  to  the  skin  in  the  neighbourhood  of  the  coccyx.  It 
supplies  no  muscles.  Tliis  nerve  is  the  representative  of  the  superior  caudal  trunk 
of  tailed  animals. 

Morphology  of  the  Posterior  Primary  Divisions. 

There  are  several  points  of  morphological  interest  in  relation  to  the  posterior  j^riniary 
divisions  of  the  spinal  nerves, 

1.  Muscular  Distribution. — In  their  muscular  distribution  they  are  strictly  limited  to  the 
longitudinal  muscles  of  the  back  :  namely,  those  associated  with  the  axial  skeleton  alone. 

2.  Cutaneous  Distribution. — Their  cutaneous  distribution  represents  two  points  of  interest. 

A.  In  the  first  place,  while  the  skin  of  the  back  is  supplied  in  a  regularly  segmental  manner 
by  the  several  nerves,  certain  of  them  fail  to  reach  the  surface  at  all.  The  absence  of  a  cutaneous 
branch  from  the  sub-occipital  nerve  may  be  due  either  to  the  absence  of  a  perfect  dorsal  root,  or 
to  its  communication  with  the  second  nerve.  The  other  nerves,  which  do  not  usually  supply  the 
skin,  are  the  seventh  and  eighth  cervical,  and  the  fourth  and  fifth  lumbar  nerves.  These  nerves 
are  placed  in  the  centre  of  regions  in  w^hich  the  upper  and  lower  limbs  are  developed.  They  are 
minute  nerves,  while  the  corresponding  anterior  primary  divisions  are  among  the  largest  of  the 
spinal  nerves.  Thus,  opposite  the  centre  of  each  limb,  posteriorly,  there  is  a  hiatus  in  the 
segmental  distribution  of  the  posterior  primary  divisions  of  the  spinal  nerves  to  the  skin  of  the 
shoulder  and  buttock,  attributable  to  the  formation  of  the  limbs,  and  the  extension  into 
them  of  the  greater  part  of  the  nerves  of  the  region.  This  gap,  in  the  case  of  the  upper  limb, 
commences  at  the  level  of  the  vertebra  jDrominens  ;  in  the  case  of  the  lower  limb  it  commences 
opposite  the  level  of  the  posterior  superior  iliac  s]3ine.  It  can  be  continued  on  to  each  limb  as 
a  hy23othetical  area  (the  dorsal  axial  line),  which  indicates  the  area  of  contact  (and  overlaj^ping) 
of  cutaneous  nerves  not  in  strictly  numerical  sequence.  Thus,  in  the  region  of  the  shoulder,  the 
sixth  (or  fifth)  cervical  nerve  innervates  an  area  of  skin  adjoining  that  supplied  by  the  first 
thoracic  nerve  ;  in  the  region  of  the  buttock  the  third  lumbar  nerve  supplies  an  area  contiguous 
with  that  supplied  by  the  first  sacral  nerve. 

B.  The  cutaneous  branches  of  the  jDosterior  primary  divisions  of  the  sjoinal  nerves  differ  from 
the  muscular  branches  in  respect  of  their  j^enetration  into  regions  beyond  those  su2:)plied  by 
their  motor  roots.  The  cutaneous  branches,  in  regions  where  outgrowths  or  extensions  from  the 
trunk  have  occurred,  follow^  these  extensions  ;  and,  in  consequence,  supply  skin  covering  parts 
which  do  not  belong  to  segments  represented  by  the  nerves  in  question.  Thus  the  second  and 
third  cervical  nerves  (great  and  least  occipital)  are  drawn  upwards  so  as  to  sujDply  the  j)osterior 
part  of  the  scalp  ;  the  upper  thoracic  nerves  are  drawn  outwards  over  the  scapular  region ;  the 
upper  lumbar  and  sacral  nerves  supply  the  skin  of  the  huttock  ;  and  the  sacro-coccygeal  nerve 
forms  a  rudimentary  caudal  nerve. 

3.  Plexuses. — The  plexuses  formed  by  the  posterior  primary  divisions  of  the  upper 
cervical  and  uj^per  sacral  nerves  are  the  simplest  met  with  in  the  human  body.  The  posterior 
cervical  plexus  is  one  from  which  muscular  branches  are  supplied  ;  the  posterior  sacral  plexus  is 
mainly  concerned  in  producing  cutaneous  offsets.  In  the  case  of  the  posterior  cervical  plexus 
the  loojDS  of  communication  between  the  first  three  or  four  cervical  nerves  result  in  the  formation 
of  a  series  of  nerves  for  the  supply  of  the  semispinalis,  complexus,  and  other  muscles,  which 
bring  into  contact  with  these  muscles,  simultaneously,  a  considerable  area  of  the  spinal  cord,  and 
provide  a  combined  and  simultaneous  innervation  for  the  several  parts  of  each  muscle.  In  the  case 
of  the  posterior  sacral  plexus,  the  formation  of  loops  between  the  nerves  results  in  the  innerva- 
tion of  any  given  spot  in  the  cutaneous  area  supplied  from  these  loops  by  more  than  one  spinal 
nerve.  As  has  been  said  already,  the  cutaneous  nerves,  even  without  the  formation  of  plexuses, 
overlaj)  in  their  cutaneous  distribution.  The  formation  of  a  plexus  causes  a  more  intimate 
union  of  neighbouring  spinal  nerves,  so  that  stimulation  of  the  surface  affects  a  wider  area  in 
the  spinal  cord  than  if  the  nerves  passed  separately  to  it  from  the  surface.  While  segmentation 
becomes  less  obvious,  increased  co-ordination  is  effected  both  of  movement  and  sensation. 
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ANTERIOR  PRIMARY  DIVISIONS  OF  THE  SPINAL  NERVES. 

The  anterior  prim- 
ary divisions  of  the 
spinal  nerves,  are,  with 
the  exception  of  the 
first  two  cervical 
nerves,  much  larger 
than  the  corresponding- 
posterior  primary  divi- 
sions. Composed  of 
elements  of  both  dorsal 
and  ventral  roots,  each 
nerve  separates  from 
the  posterior  primary 
division  on  emerging 
from  the  intervertebral 
foramen,  and,  proceed- 
ing outwards,  is  dis- 
tributed to  structures 
on  the  lateral  and 
anterior  aspects  of  the 
body, — including  the 
limbs. 

Each  nerve  is  joined 
near  its  origin  by  a 
gray  ramus  communi- 
cans  from  the  sym- 
pathetic gangliated 
cord ;  and  in  the  case 
of  certain  thoracic, 
lumbar,  and  sacral 
nerves,  the  anterior 
primary  division  gives 
off  a  delicate  bundle 
of  fibres,  which  forms 
the  white  ramus  com- 
municans  of  the  sym- 
pathetic cord.  That 
part  of  the  spinal  nerve 
which  is  distri})uted  to 
the  body  wall  and  limbs 
may  be  termed  somatic; 
the  small  white  ramus 
communicans,  in- 
nervating the  struc- 
tures in  the  splanchnic 
area,  may  be  termed  the 
visceral  or  splanchnic 
part  of  the  spinal  nerve. 

The  anterior  prim- 
ary divisions  of  the 
spinal  nerves  are  only. 


Fig.  489. 


On 


-The  Distribution  of  Cutaneous  Nerves  on  the  Front  of 
THE  Trunk. 

one  side  tlie  distribution  of  the  several  nerves  is  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  S.Cl,  Supra- 
clavicular nerves  ;  AcR,  Acromial  ;  Cl,  Clavicular  ;  St,  Sternal  ;  T.2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  CiRC, 
Cutaneous  branch  of  circumflex  nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  I.H,  Intercosto-humeral ;  I.C, 
Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve  ;  E.C,  External  cutaneous  nerves  ;  G.C, 
Genito-crural  nerve  ;  M,C^  Middle  cutaneous  nerves  ;  I.C\  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  numerals 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  ai^ea. 
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in  certain  cases,  distributed  in  a  regular  segmental  manner.  Except  in  the  case  of 
the  thoracic  nerves,  the  anterior  primary  divisions  combine  to  form  the  three  great 
plexuses — cervical,  brachial,  and  lumbo-sacral — and  their  arrangement  and  distribu- 
tion is  rendered  exceedingly  complex. 

A  thoracic  nerve,  such  as  the  fifth  or  sixth,  may  be  regarded  as  a  type  to 

illustrate  the  mode 
of  distribution  of 
the  anterior  primary 
divisions  of  the 
spinal  nerves  (Fig. 
486,  p.  609).  It 
occupies  an  inter- 
costal space ;  near 
its  origin  it  possesses 
gray  and  white  rami 
communicantes ;  it 
courses  through  the 
interval  between  the 
intercostal  muscles ; 
it  supplies  branches 
to  these  muscles 
and  gives  off,  when 
it  reaches  the  side 
of  the  chest,  a  lateral 
branch,  which,  after 
supplying  small 
muscular  branches, 
pierces  the  external 
intercostal  muscle, 
and  is  distributed 
to  an  area  of  skin 
over  the  lateral  part 
of  the  trunk,  con- 
tiguous dorsally 
with  a  similar  area, 
innervated  by  the 
cutaneous  branches 
of  the  posterior 
primary  division  of 
the  same  nerve. 
The  lateral  branch 
generally  subdivides 
into  a  smaller  pos- 
terior and  a  larger 
anterior  trunk,  as  it 
pierces  the  muscles 
clothing  the  wall  of 
the  chest.  The  an- 
terior primary  divi- 
sion of  the  nerve 
then  pursues  its 
course  obliquely  for- 
wards to  the  side  of 
the  sternum,  where, 
after  piercing  the 
pectoral  muscles,  it 

appears  superficially  as  the  anterior  terminal  cutaneous  hranch.  This  supplies  ail^xea 
of  skin  continuous  with  that  supplied  by  the  anterior  part  of  the  lateral  branch  of 
the  same  nerve.    Such  a  nerve  thus  supplies^  by  means  of  its  lateral  and  anterior 


Fig.  490 

Superficial  Division, 

Ascending  branches  (Asc.) — 
S.O.  Small  occipital. 
G.A.  Great  auricular. 
S.C.   Superficial  cervical. 

Descending (siipra-clavicular)  branches 
(Desc.)— 
Acr.  Acromial. 
Cb  Clavicular. 
St.  Sternal. 

Deep  Division. 

External  branches — 

Communicating  (C.)  to  spinal  acces- 
sory nerve  (Sp.  Ace). 

Muscular— 

S.M.  Sterno-mastoid. 

Tr.  Trapezius. 

L.A.S.  Levator  anguli  scapulae. 

Sc.  M.    Scalenus  medius. 


The  Cervical  Plexus. 

Internal  branches — 
Communicating  to 
Hy.  Hypoglossal. 
Va.  Vagus. 
Sy.  Sympathetic  ganglion. 

D.Cerv.  Descendens  cervicis. 


Muscular- 
Mi. 

M^. 

Sc.  A. 

Phr. 

G.Hy. 

Th.Hy. 

D.Hy. 

Ansa. 

S.Th. 

S.Hy. 

O.Hy. 


Rectus  capitis  anticus  minor, 
and  lateralis. 

Longus   colli,  and  rectus 
capitis  anticus  major. 
Scalenus  anticus. 
Phrenic  nerve. 
Nerve  to  genio-hyoid. 
Nerve  to  thyro-hyoid. 
Descendens  hypoglossi. 
Ansa  hypoglossi. 
Nerve  to  sterno-thyroid. 
Nerve  to  sterno-hyoid. 
Nerves  to  omo-hyoid. 
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branches,  an  area  of  skin  which  (with  the  area  supplied  by  the  cutaneous  branch 
of  its  posterior  primary  division)  forms  a  continuous  and  uninterrupted  belt, 
extending  from  the  middle  line  behind  to  the  middle  line  in  front.  The  lateral 
and  anterior  branches  of  the  nerve  innervate  in  their  course  the  intercostal  and  other 
muscles,  to  be  afterwards  mentioned  in  detail. 


CERVICAL  NERVES. 

The  anterior  primary  divisions  of  the  cervical  nerves,  together  with  parts  of  the 
first  and  second  thoracic  nerves,  are  distributed  to  the  head,  neck,  and  upper 
extremity.  The  first  four  cervical  nerves,  by  means  of  the  cervical  plexus,  innervate 
the  neck;  the  last  four  cervical  nerves,  together  with  a  large  part  of  the  first 
thoracic  nerve,  through  the  brachial  plexus,  supply  the  upper  limb.  The  second 
thoracic  nerve  may  contribute  a  trunk  to  this  plexus,  and  always  assists  in  the 
innervation  of  the  arm. 

THE  CERVICAL  PLEXUS. 

The  anterior  primary  divisions  of  the  first  four  cervical  nerves  are  concerned 
in  forming  the  cervical  plexus.  Each  nerve  emerges  from  the  spinal  canal  behind 
the  vertebral  artery.  Each  is  joined  on  its  emergence  from  the  intervertebral 
foramen,  at  the  side  of  the  vertebral  column,  by  a  gray  ramus  communicans  from  the 
superior  cervical  ganglion  of  the  sympathetic.  Hi  the  neck  the  cervical  nerves  are 
concealed  by  the  sterno-mastoid  muscle ;  in  front  lies  the  rectus  capitis  anticus 
major,  and  behind  are  the  scalenus  medius,  and  (behind  the  first  or  sub-occipital 
nerve)  the  rectus  capitis  lateralis.  The  cervical  plexus  is  constituted  by  the  com- 
bination of  these  nerves  in  an  irregular  series  of  loops  under  cover  of  the  sterno- 
mastoid  muscle. 

From  these  loops  the  branches  of  distribution  arise,  as  («)  cutaneous  branches  to 
the  head,  neck,  and  shoulder ;  (b)  muscular  branches  to  the  muscles  of  the  neck  and 
the  diaphragm ;  and  (c)  communicating  branches  to  the  vagus,  spinal  accessory, 
hypoglossal,  and  sympathetic  nerves. 

Eor  convenience  of  description,  the  nerves  derived  from  the  plexus  may  be 
classified  as  follows  : — 


I.  Superficial  (cutaneous)  Branches — 

A.  Ascending  Branches  (C.  2,  3).  B.  Descending  (supra-clavicular)  Branches  (C.  3,  4). 

Small  occipital,  Acromial, 
Great  auricular,  Clavicular, 
Superficial  cervical.  Sternal. 


II.  Deep  (muscular  and  communicating)  Branches- 


A.  External  Branches. 

1.  Muscular  branches  to 

Sterno-mastoid  (C.  2), 
Trapezius  (C.  3,  4), 
Levator  anguli  scapula)  (C.  3,  4), 
Scaleni  (medius  and  posticus)  (C.  3,  4). 

2.  Communicating  branches  to 

Spinal  accessory  nerve  (C.  2,  3,  4). 


B.  Internal  Branches. 

1.     Muscular  to 


Prevertebral  muscles  (C.  1,  2,  3,  4), 
Infra-hyoid  muscles  (C.  1,  2,  3) 

(ansa  hypoglossi), 
Diaphragm  (C.  3,  4)  (j^hrenic 
nerve). 

.  Communicating  branches  to 
Vagus  nerve  (C.  1,  2), 
Hypoglossal  nerve  (C.  1,  2), 
C.  Hypoglossi  (C.  2,  3), 
Sympathetic  (C.  1,  2,  3,  4). 

The  second,  third,  and  fourth  cervical  nerves  are  the  chief  nerves  engaged  in 
forming  the  plexus.  The  first  cervical  nerve  only  enters  into  the  formation  of  a 
small  part — the  internal  portion  of  the  deep  part  of  the  plexus. 

Superficial  Cutaneous  Branches. — These  nerves,  six  in  number,  are  entirely 
cutaneous.    They  radiate  from  the  plexus,  and  appear  in  the  posterior  triangle  of 
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the  neck  at  the  posterior  border  of  the  sterno-mastoid  muscle.  They  are  divisible 
into  two  series,  the  one  ascending :  small  occipital,  great  auricular,  and  superficial 
cervical ;  the  other  descending  (supra-clavicular) :  sternal,  clavicular,  and  acromial. 

Ascending  Branches. — The  small  occipital  nerve  (n.  occipitalis  minor)  is  variable 
in  size  and  is  sometimes  double.  Its  origin  is  from  the  second  and  third  cervical 
nerves  (more  rarely  from  the  second  only).  It  extends  backwards  beneath  the 
sterno-mastoid,  and  then  upwards  along  its  posterior  border.  Piercing  the  deep 
fascia  near  the  apex  of  the  posterior  triangle,  it  divides  into  auricular,  mastoid,  and 

occipital  branches,  and  supplies  small 
cervical  branches  to  the  upper  part 
of  the  neck.  The  auricular  branch 
supplies  the  skin  of  the  deep  surface 
of  the  pinna  ;  the  mastoid  and  occipital 
branches  supply  the  scalp.  The  nerve 
communicates  on  the  scalp  with  the 
great  occipital  and  great  auricular 
nerves,  and  with  the  posterior  auricular 
branch  of  the  facial  nerve. 

The  great  auricular  nerve  (n.  auri- 
cularis  magnus)  is  the  largest  of  the 
cutaneous  branches.  It  arises  from 
the  second  and  third  cervical  nerves 
(or,  more  rarely,  from  the  third  alone). 
Winding  round  the  posterior  border 
of  the  sterno-mastoid  muscle, it  courses 
vertically  upwards  towards  the  ear. 
In  this  course  it  crosses  the  sterno- 
mastoid  muscle  obliquely  and  is 
covered  by  the  platysma  myoides. 
Before  arriving  at  the  ear  it  subdivides 
into  mastoid,  auricular,  and  facial 
branches.  The  mastoid  branches  ascend 
over  the  mastoid  process  and  supply 
the  skin  of  the  scalp  behind  the  ear, 
communicating  with  the  small  oc- 
cipital and  posterior  auricular  nerves. 
The  auricular  branches  ascend  to  the 
ear  and  supply  the  lower  part  of  the 
pinna  on  both  aspects ;  they  com- 
municate with  the  same  nerves.  The 
facial  branches,  passing  over  the  angle 
of  the  jaw  and  through  the  substance 


Fig.  491.- 


-DlSTRIBUTION  OF  CUTANEOUS  NeRVES  TO 

THE  Head  and  Neck. 


Oplitli,  Ophthalmic  division  of  the  fifth  nerve  ;  S.T,  Supra- 
trochlear branch  ;  S.O,  Supra-orbital  branch  ;  i.T, 
Infra-trochlear  branch  ;  L,  Lachrymal  branch  ;  N, 
External  nasal  branch  ;  Sup.  Max,  Superior  maxillary 
division  ;   T,  Temporal  branch  ;   M,  Malar  branch  ; 


Inf. Max,  Inferior  maxillary  of  the  parotid  gland,  supply  the  skin 
of  the  cheek  over  the  lower  part  of 


I.O,  Infra-orbital  branch 

division  ;  A.T,  Auriculo-temporal  branch  ;  B,  Buccal 

branch  ;  M,  Mental  branch  ;  C.2,  3,  Branches  of  the  .  -, 

second  and  third  cervical  nerves  ;  G.O,  Great  occipital  maSSCtcr  niUSClc  and  the  parotid 

nerve;    S.O,    Small   occipital   nerve;    G.A,    Great  gland.        They     COmmunicatc  with 
auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  C.3, 
Least  occipital  nerve ;   4,  5,   6,   Posterior  primary 
divisions  of  4th,  5th,  and  6th  cervical  nerves. 


branches  of  the  facial  nerve  in  the 
parotid  gland. 

The  superficial  cervical  nerve  (n. 

cutaneus  colli)  arises  from  the  second  and  third  cervical  nerves.  It  winds  round 
the  posterior  border  of  the  sterno-mastoid  muscle,  and  crosses  the  muscle  to  reach 
the  anterior  triangle,  under  cover  of  the  platysma  myoides  muscle  and  the  external 
jugular  vein.  It  divides  near  the  anterior  edge  of  the  sterno-mastoid  muscle  into 
upper  and  lower  branches,  which  are  distributed  through  the  platysma  myoides  to 
the  skin  covering  the  anterior  triangle  of  the  neck.  The  upper  branches  com- 
municate freely  beneath  the  platysma  myoides  with  the  infra-mandibular  branch  of 
the  facial  nerve. 

Descending  (supra-clavicular)  Branches. — By  the  union  of  two  roots  derived 
from  the  third  and  fourth  cervical  nerves  a  considerable  trunk  is  formed,  which 


THE  CERVICAL  PLEXUS. 


619 


emerges  from  under  cover  of  the  sterno-mastoid  muscle  and  extends  obliquely 
downwards  through  the  lower  part  of  the  posterior  triangle  of  the  neck.  It  sub- 
divides into  radiating  branches — sternal,  clavicular,  and  acromial — which  pierce  the 
deep  fascia  of  the  neck  above  the  clavicle,  and  are  distributed  to  the  skin  of  the 
lower  part  of  the  side  of  the  neck,  the  front  of  the  chest,  and  the  shoulder.  The 
sternal  branches  (rami  supra-sternales)  are  the  smallest.  Passing  over  the  inner 
end  of  the  clavicle,  they  supply  the  skin  of  the  neck  and  chest  as  far  down  as 
the  manubrio-sternal  joint.  The  clavicular  branches  (rr.  supra-claviculares)  pass 
over  the  middle  third  of  the  clavicle,  beneath  the  platysma,  and  can  be  traced 


Fig.  492. — The  Triangles  of  the  Neck  (Nerves). 


as  low  as  the  nipple.  The  acromial  branches  (rr.  supra-acromiales)  pass  over  or 
through  the  insertion  of  the  trapezius  muscle,  and  over  the  outer  third  of  the 
clavicle,  to  the  shoulder,  where  they  supply  the  skin  as  far  down  as  the  lower  third 
of  the  deltoid  muscle. 

Deep  Branches. — The  deep  branches  of  the  cervical  plexus  are  naturally 
separated  into  an  external  and  an  internal  set  by  their  relation  to  the  sterno-mastoid 
muscle.  Beneath  the  muscle,  the  external  branches  are  directed  outwards  towards 
the  posterior  triangle,  the  internal  branches  inwards  towards  the  anterior  triangle. 

The  external  branches  consist  of  muscular  and  communicating  nerves,  which 
for  the  most  part  occupy  the  posterior  triangle. 

The  muscular  branches  are  the  following :  (1)  To  the  sterno-mastoid,  from  the 
second  cervical  nerve.    This  enters  the  muscle  on  its  deep  surface  and  communicates 
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with  the  spinal  accessory  nerve.  (2)  To  the  trapezius,  from  the  third  and  fourth 
cervical  nerves.  These  nerves  cross  the  posterior  triangle  and  end  in  the  trapezius, 
after  having  communicated  with  the  spinal  accessory  nerve,  in  the  posterior  triangle, 
and  beneath  the  muscle.  (3)  To  the  levator  anguli  scapulm,  from  the  third  and 
fourth  cervical  nerves.  Two  independent  branches  enter  the  outer  surface  of  the 
muscle  in  the  posterior  triangle.  (4)  To  tlie  scaleni  (medius  and  posticus),  from 
the  third  and  fourth  cervical  nerves. 

The  communicating  branches,  already  mentioned,  are  three  in  number.  They 
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Glosso-pharyngeal 
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Pharyngeal  branch  of  vag-us 
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Descendens  hypoglossi 
Middle  constrictor 
Descendens  cervicis 

Internal  laryngeal  nerve 
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Fig,  493. — The  Muscles  op  the  Htoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Muscles'of 

THE  Tongue,  with  their  Nerves. 


join  the  spinal  accessory  nerve  in  three  situations : — (a)  A  branch  from  the  second 
cervical  nerve  to  the  sterno-mastoid  joins  the  spinal  accessory  nerve  beneath  that 
muscle,  (h)  Branches  to  the  trapezius  from  the  third  and  fourth  nerves  are  con- 
nected with  the  spinal  accessory  nerve  in  the  posterior  triangle,  (c)  Branches  from 
the  same  nerves  join  the  spinal  accessory  nerve  beneath  the  trapezius  mtiscle. 

The  internal  branches  of  the  plexus  also  comprise  muscular  and  communi- 
cating branches.  The  first  cervical  nerve  assists  in  the  formation  of  this  series  of 
nerves,  forming  a  slender  loop  with  part  of  the  second  nerve  in  front  of  the  trans- 
verse process  of  the  atlas. 

Communicating  Branches.  (a)  With  the  sympathetic. — G-ray  rami  communi- 
cantes  pass  to  each  of  the  first  four  cervical  nerves,  near  their  origins,  from  the 
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superior  cervical  ganglion  or  from  the  cord  below  the  ganglion.  (6)  With  the 
'pneumo gastric  nerve.— The  ganglion  of  the  trunk  of  the  pneumogastric  nerve  may 
be  connected  by  a  slender  nerve  with  the  loop  between  the  first  two  cervical  nerves. 
This  communication  is  not  constant,  (c)  With  the  hypoglossal. — An  important 
communication  occurs  between  the  hypoglossal  nerve  and  the  loop  between  the  first 
and  second  cervical  nerves  (Fig.  493).  A  trunk  from  the  last-named  nerves  joins  the 
hypoglossal  just  beyond  its  exit  from  the  skull.  One  fine  branch  from  this  trunk 
passes  upwards  along  the  hypoglossal  nerve  towards  the  skull  {ine7iingeal  branch). 
The  main  part  of  the  trunk  accompanies  the  hypoglossal  and  separates  from  it  succes- 
sively in  three  nerves — the  descendens  hypoglossi,  and  the  nerves  to  the  thyro-hyoid 
and  genio-hyoid  muscles.  The  portion  of  the  nerve  which  remains  accompanies  the 
hypoglossal  to  the  muscles  of  the  tongue.  It  is  probable  that  no  part  of  the  hypo- 
glossal nerve  itself  is  concerned  in  the  formation  of  these  three  branches.  The 
descending  branch  of  the  hypoglossal  (r.  descendens  hypoglossi)  descends  in  front  of 
the  common  carotid  artery,  and  is  joined  in  the  anterior  triangle  of  the  neck  by 
the  descending  cervical  nerve,  to  form  the  ansa  hypoglossi,  from  which  the  infra- 
hyoid muscles  are  innervated.  (The  descending  branch  of  the  hypoglossal,  in  some 
cases,  arises  from  the  pneumogastric  nerve.) 

Muscular  Branches. — The  muscles  supplied  by  the  internal  branches  of  the 
plexus  are  the  prevertebral  muscles,  the  genio-hyoid  and  infra-hyoid  muscles,  and 
the  diaphragm. 

(a)  Prevertebral  Muscles.— 1.  From  the  loop  between  the  first  and  second 
cervical  nerves  a  small  branch  arises,  for  the  supply  of  the  rectus  capitis  lateralis 
and  the  recti  capitis  antici  (major  and  minor).  2.  From  the  second,  third,  and 
fourth  nerves  small  branches  supply  the  inter- transversales,  longus  colli,  and  rectus 
capitis  anticus  major.  3.  From  the  fourth  nerve  a  branch  arises  for  the  upper  part 
of  the  scalenus  anticus. 

(6)  Genio-hyoid  and  Infra-hyoid  Muscles. — The  descending  cervical  nerve  (n. 
cervicalis  descendens)  is  formed  in  front  of  the  internal  jugular  vein  by  the  union 
of  two  slender  trunks  from  the  second  and  third  cervical  nerves.  It  forms  a  loop 
of  communication  in  front  of  the  carotid  sheath  with  the  descending  branch  of  the 
hypoglossal  nerve  (derived  ultimately  from  the  first  two  cervical  nerves).  This 
loop  of  communication  is  called  the  ansa  hypoglossi.  It  is  often  plexiform ;  and 
from  it  branches  are  given  to  the  sterno-hyoid,  sterno- thyroid,  and  omo-hyoid 
muscles.  The  nerve  to  the  sterno-hyoid  muscle  is  often  continued  behind  the 
sternum,  to  join  in  the  thorax  with  the  phrenic  nerve  or  the  cardiac  plexus. 

The  thyro-hyoid  muscle  and  the  genio-hyoid  muscle  are  supplied  by  branches  of 
the  hypoglossal  nerve,  which  are  also  traceable  back  to  the  communication  between 
the  hypoglossal  and  the  first  two  cervical  nerves. 

The  anterior  muscles  in  immediate  relation  to  the  middle  line  of  the  neck, 
between  the  chin  and  the  sternum,  are  thus  continuously  supplied  by  the  first 
three  cervical  nerves.  The  hypoglossal  is  the  nerve  of  the  muscles  of  the  tongue, 
and  it  is  not  certain  that  it  contributes  any  fibres  to  the  above-named  muscles. 

(c)  Diaphragm. — The  phrenic  nerve  supplies  the  diaphragm. 

Phrenic  Nerve. 

The  phrenic  nerve  (n.  phrenicus)  is  derived  mainly  from  the  fourth  cervical 
nerve,  reinforced  by  roots  from  the  third  (either  directly  or  through  the  nerve  to 
the  sterno-hyoid)  and  fifth  (either  directly  or  through  the  nerve  to  the  subclavius 
muscle).  It  passes  downwards  in  the  neck  upon  the  scalenus  anticus  muscle ;  at 
the  root  of  the  neck  it  enters  the  thorax  between  the  subclavian  artery  and  vein, 
and  traverses  the  mediastinum  to  reach  the  diaphragm,  lying  in  the  middle 
mediastinum  between  the  pericardium  and  pleura,  and  in  front  of  the  root  of  the 
lung.  In  its  course  it  presents  certain  differences  on  the  two  sides.  In  the  neck, 
on  the  left  side,  it  crosses  the  first  part  of  the  subclavian  artery :  on  the  right  side 
it  crosses  the  second  part.  In  the  superior  mediastinum,  07i  the  left  side,  it  lies 
between  the  left  subclavian  and  carotid  arteries,  and  crosses  the  pneumogastric 
nerve  and  the  aortic  arch.    On  the  right  side  it  accompanies  the  innominate  vein 
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and  superior  vena  cava,  and  is  entirely  separate  from  the  pneumogastric  nerve. 
The  left  nerve  is  longer  than  the  right,  owing  to  the  position  of  the  heart  and  the 
left  half  of  the  diaphragm.  The  right  nerve  sends  fibres  along  the  inferior  vena 
cava  through  the  foramen  quadratum.  Eeaching  the  diaphragm  the  nerve  separates 
into  numerous  branches  for  the  supply  of  the  muscle;  some  enter  its  thoracic 
surface  (sub-pleural  branches),  but  most  of  the  fibres  supply  it  after  piercing  the 
muscle  (sub-peritoneal  branches). 

The  branches  of  the  phrenic  nerve  are — 1.  Muscular  (to  the  diaphragm) ;  2. 
pleural ;  3.  pericardiac  ;  4.  inferior  vena  caval ;  5.  capsular ;  and  6.  hepatic. 

The  branches  to  the  pleura  and  pericardium  arise  as  the  phrenic  nerve 
traverses  the  mediastinum.  The  branches  to  the  inferior  vena  cava,  suprarenal 
capsule,  and  liver  arise  after  communication  of  the  phrenic  nerve  with  tlie 
diaphragmatic  plexus  of  the  sympathetic  on  the  abdominal  surface  of  the 
diaphragm. 

Communications  of  the  Phrenic  Nerve. — 1.  The  phrenic  nerve  may  communicate 
with  the  nerve  to  the  subclavius  muscle.  2.  It  may  communicate  with  the  ansa 
hypoglossi,  or  a  branch  from  it  (the  nerve  to  the  sterno-hyoid).  3.  It  frequently  com- 
municates with  the  cervical  part  of  the  sympathetic.  4.  It  communicates  with  the 
solar  plexus  by  a  junction  upon  the  abdominal  surface  of  the  diaphragm  with  the 
diaphragmatic  plexus  on  the  inferior  phrenic  artery,  in  which  a  small  diaphragmatic 
ganglion  is  found  on  the  right  side.  From  this  junction  branches  are  given  off  to  the 
inferior  vena  cava,  suprarenal  capsule,  and  hepatic  plexus. 

Morphology  of  the  Cervical  Plexus. 

The  characteristic  feature  of  the  cervical  plexus  is  the  combination  of  parts  of  adjacent  nerves 
into  compound  nerve-trunks  by  the  formation  of  series  of  looi^s.  The  result  ot  the  formation  of 
these  loops  is  that  parts  (particularly  cutaneous  areas)  are  supplied  by  branches  of  more  than  one 
spinal  nerve. 

A.  Cutaneous  Distribution. — By  the  combinations  of  the  nerves  into  loops  the  discrimination 
of  the  elements  in  the  upper  cervical  nerves,  corresponding  to  the  lateral  and  anterior  branches 
of  a  typical  thoracic  nerve,  is  made  a  matter  of  some  difficulty.  The  second,  third,  and 
fourth  nerves,  through  the  cervical  plexus,  supply  an  area  of  skin  extending,  laterally,  from  the 
side  of  the  head  to  the  shoulder  ;  anteriorly,  from  the  face  to  the  level  of  the  nipple.  The  higher 
nerves  supply  the  upper  region  (second  and  third) ;  the  lower  nerves  sup23ly  the  lower  region 
(third  and  fourth).  It  is  not  possible  to  strictly  compare  the  individual  nerves  with  the  lateral 
and  anterior  branches  of  a  thoracic  nerve.  A  line  drawn  from  the  ear  to  the  middle  of  the 
clavicle  separates,  however,  a  lateral  from  an  anterior  cutaneous  area ;  and  certain  of  the 
cutaneous  nerves  fall  naturally  into  one  of  these  two  categories.  The  nerves  homologous  with 
anterior  branches  of  intercostal  nerves  are  the  superficial  cervical  and  the  sternal  branches  of 
the  supra-clavicular  series ;  those  homologous  with  lateral  branches  are  the  small  occipital  and 
acromial  branches.  The  great  auricular  and  clavicular  branches  are  mixed  nerves,  comprising 
elements  Ijelonging  to  both  sets. 

B.  Muscular  Distribution. — The  nerves  from  the  cervical  plexus,  supplying  muscles,  are 
simpler  in  their  arrangement.  They  are  not  generally  in  the  form  of  loops,  and  they  are  easily 
separated  into  lateral  and  anterior  series.  The  lateral  nerves  comprise  the  branches  to  the 
rectus  cajoitis  lateralis,  sterno-mastoid,  trapezius,  levator  anguli  scapulae.  The  nerves  in  the 
anterior  series  are  those  to  the  recti  antici,  the  hyoid  muscles,  and  the  diaphragm. 

It  is  noteworthy  that  the  last-named  muscles — genio-hyoid,  thyro-hyoid,  sterno-hyoid,  omo- 
hyoid, sterno-thyroid,  and  diaphragm — are  continuously  supplied  by  branches  from  the  first  five 
cervical  nerves  :  th^  liigher  muscles  b^  the  higher  nerves  ;  the  lower  muscles  by  the  lower  nerves. 


THE  BRACHIAL  PLEXUS. 

The  brachial  plexus  is  formed  by  the  anterior  primary  divisions  of  the  fifth, 
sixth,  seventh,  and  eighth  cervical  nerves,  along  with  the  greater  part  of  the  first 
thoracic  nerve.  In  some  cases  a  slender  branch  of  the  fourth  cervical  nerve  is  also 
engaged ;  and  the  second  thoracic  nerve,  in  all  cases,  also  contributes  to  the 
innervation  of  the  arm,  through  the  intercosto-humeral  nerve.  It  many  cases  it 
contributes  also  directly  to  the  plexus,  by  an  intra-thoracic  communication  with 
the  first  thoracic  nerve. 

Position  of  the  Plexus — The  nerves  forming  the  brachial  plexus  appear  in 
the  posterior  triangle  of  the  neck  between  the  scalenus  anticus  and  scalenus 
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medius  muscles ;  the  plexus  is  formed  in  close  relation  to  the  subclavian  and 
axillary  arteries  ;  the  nerves  emanating  from  it  accompany  the  artery  to  the  axilla, 
where  they  are  distributed  to  the  shoulder  and  upper  limb. 

Communication  with  the  Sympathetic. — The  lower  four  cervical  nerves  comnumieate 
with  the  cervical  portion  of  the  sympathetic  by  means  of  gray  rami  communicantes. 
Two  branches  arise  from  the  middle  cervical  ganglion,  and  join  the  anterior  primary 
divisions  of  the  fifth  and  sixth  nerves.  Two  arising  from  the  inferior  cervical  ganglion 
join  the  seventh  and  eighth  nerves.  They  reach  the  nerves  either  by  piercing  the 
prevertebral  muscles  or  by  passing  round  the  border  of  the  scalenus  anticus  muscle. 

Composition  of  the  Brachial  Plexus. — In  an  analysis  of  the  brachial  plexus 
four  stages  may  be  always  seen  : — 


Fig.  494. — The  Nerves  of  the  Brachial  Plexus. 


Sy,  Sympathetic  gangliated  cord  ;  Phr,  Phrenic  nerve  ;  C.4,  5,  6,  7,  8,  T.l,  2,  3,  Anterior  primary  divi^^ions  of  the 
lower  cervical  and  upper  thoracic  nerves;  M^,  M^,  Muscular  branches  to  axial  muscles;  P.T,  Long 
thoracic  nerve  ;  Rh,  Nerve  to  rhomboids  (posterior  scapular)  ;  Subcl,  Nerve  to  subclavius  muscle  ; 
Int,  Intercostal  nerves  ;  S.Sc,  Supra-scapular  nerve.  The  intercostal  part  of  the  first  thoracic  nerve 
is  omitted. 

Outer  Cord. — E.A. T,  External  anterior  thoracic  nerve  ;  M.C,  Musculo-cutaneous  nerve  ;  Cb,  Nerve  to  coraco- 

brachialis  ;  M,  Median  nerve. 
Inner  Cord. — I.A.T,  Internal  anterior  thoracic  nerve  ;  U,  Ulnar  nerve  ;  I.C,  Internal  cutaneous  nerve  ;  L.I.C, 

Lesser  internal  cutaneous  nerve. 
Posterior  Cord. — Circ,  Circumflex  nerve  ;  M.S,  Musculo-spiral  nerve  ;  S.Sub,  Short  subscapular  nerve  ;  M.Sub, 

Lower  subscapular  nerve  ;  L.Sub,  Long  subscapular,  nerve  ;  LH,  Intercosto-humeral  nerve  ;  Lat,  Lateral 

branch  of  third  intercostal  nerve. 

(2)  The  separation  of  the  nerves  into  ventral  (anterior)  and  dorsal  (posterior) 

trunks  ;  and  the  formation  of  three  primary  cords. 

(3)  The  formation  of  three  secondary  cords — outer,  inner,  and  posterior. 

(4)  The  origin  of  the  nerves  of  distribution. 

(1)  The  undivided  nerves  have  only  a  very  short  independent  course  at  the  side 
of  the  neck,  after  passing  between  the  scalene  muscles. 

(2)  Almost  immediately  after  entering  the  posterior  triangle  there  are  formed 
three  primary  cords  :  the  first  cord  is  formed  by  the  union  of  the  fifth  and  sixth 
nerves  together  ;  the  second,  by  the  seventh  nerve  alone ;  and  the  third,  by  the 
union  of  the  eighth  cervical  and  first  thoracic  nerves  together.  While  these  cords 
are  being  formed,  a  division  occurs  in  each  of  the  last  four  cervical  nerves,  into 
ventral  (anterior)  and  dorsal  (posterior)  trunks ;  the  first  thoracic  nerve  usually 
gives  rise  to  no  dorsal  trunk.    The  ventral  and  dorsal  trunks  of  the  fifth,  sixth, 
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and  seventh  nerves  are  nearly  equal  in  size.  The  dorsal  trunk  of  the  eighth 
cervical  nerve  is  much  smaller, 

(3)  The  secondary  cords  of  the  plexus  are  formed  by  combinations  of  these 
ventral  and  dorsal  trunks  in  relation  to  the  axillary  artery.  They  are  three  in 
number.  The  outer  cord  (fasciculus  laterahs)  is  formed  by  a  combination  of  the 
ventral  trunks  of  the  fifth,  sixth,  and  seventh  nerves,  and  lies  on  the  outer  side  of 
the  axillary  artery.  The  inner  cord  (fasciculus  mediahs)  is  formed  by  a  combination 
of  the  ventral  trunk  of  the  eighth  cervical  with  the  part  of  the  first  thoracic 
nerve  engaged  in  the  formation  of  the  plexus ;  it  lies  on  the  inner  side  of  the 
axillary  artery.  The  posterior  cord  (fasciculus  posterior)  is  made  up  of  all  the 
dorsal  trunks  from  the  fifth,  sixth,  seventh,  and  eighth  cervical  nerves,  and  lies 
behind  the  axillary  artery.  The_fixai--thi:o:ai^^ 

j^^oaterioiL^rd^^d  the^  branch  when  present  is  a  fine  nei^e. 

(4)  The  nerves  of  distribution  for  the  shoulder  and  arm  are  derived  from  these 
secondary  cords,  and  receive  in  this  way  various  contributions  from  the  constituent 
spinal  nerves.  From  the  outer  cord  arise  the  external  anterior  thoracic  and  musculo- 
cutaneous nerves,  and  the  outer  head  of  the  median  nerve.  From  the  inner  cord 
arise  the  inner  head  of  the  median,  the  ulnar,  internal  cutaneous,  lesser  internal 
cutaneous,  and  the  internal  anterior  thoracic  nerves.  From  the  i308terior  cord  arise 
the  circumflex,  the  three  subscapular,  and  the  musculo-spiral  nerves. 

It  is  to  be  remembered  that,  although  derived  from  a  secondary  cord  formed  by  a  certain 
set  of  spinal  nerves,  any  given  nerve  does  not  necessarily  contain  fibres  from  all  the  constituent 
nerves  ;  e.g.  both  the  musculo-cutaneous  and  circumflex  nerves,  from  the  outer  and  j)Osterior 
cords  respectively,  are  ultimately  derived  only  from  the  fifthjind  sixth_cervical  nerves. 

The  Bkanches  of  the  Brachial  Plexus. 

It  is  customary  to  separate  artificially  the  nerves  of  distribution  of  the  brachial 
plexus  into  two  sets :  (1)  supra-clavicular  and  (2)  infra-clavicular.  Clinically  it  is 
important  to  realise  the  position  of  origin  of  certain  nerves.  The  nerves  to  the 
prevertebral  muscles,  the  communication  with  the  plirenic,  the  posterior  scapular, 
aincl  longThoracic  ne^es,  arise  fromTTheToo^gdr^^  the  plexus^ 

(The  supra-scapular  and  the  nerve  tothe^silbclavius  arise  at  the  level  of  formation  of 
ihe  secondary  cords  ;  and  the  anterior  thoracic  and  subscapular  nerves  arise  from  the 
secondary  cords,  prior  to  their  ultimate  subdivision  into  the  nerves  of  distribution 
ffor  the  upper  limb. 

Supra-clavicular  Nerves. — The  nerves  derived  from  the  plexus  above  the 
level  of  the  clavicle  are,  like  the  inain  trunks,  divisible  into  two  series ;  anterior 
branches  arising  from  the  front,  and  posterior  branches  arising  from  the  back  of  the 
plexus  (Fig.  494,  p.  623). 

Anterior  Branches.  Posterior  Branches. 

h^f\i  1.  Nerves  to  scalenus  anticus  and  I:'  1-  Nerves  to  scaleni,  medius  and 

longus  colli.  ^  posticus. 

jT'  2.  Communicating  nerve  to  join  2.  Posterior  scapular  nerve. 


the  phrenic  nerve.  ,^,-1      3.  Long  thoracic  nerve. 

3.  Nerve  to  the  subclavius  rnuscle.  4.  Supra-scapular  nerve. 


The  muscular  twigs  to  the  scalenus  anticus  and  longus  colli  arise  from  the  lower 
four  cervical  nerves,  as  they  emerge  from  the  intervertebral  foramina. 

The  communicating  nerve  to  the  phrenic  arises  usually  from  the  fifth  cervical 
nerve  at  the  outer  border  of  the  scalenus  anticus.  It  is  sometimes  absent,  and 
occasionally  an  additional  root  is  present  from  the  sixth  cervical  nerve.  In  some 
instances  the  nerve  is  replaced  by  a  branch  from  the  nerve  to  the  subclavius, 
which  passes  inwards  behind  the  sterno-mastoid  muscle  to  join  the  phrenic  at  the 
inlet  of  the  thorax. 

The  nerve  to  the  subclavius  is  a  slender  nerve,  which  arises  from  the  front  of 
the  cord  formed  by  the  fifth  and  sixth  cervical  nerves.  It  descends  in  the  posterior 
triangle  of  the  neck  over  the  third  part  of  the  subclavian  artery.  It  often  coni- 
nmnicates  with  the  phrenic  nerve. 
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The  branches  to  the  scaleni,  medius  and  posticus,  are  small  trunks  which  arise 
from  the  lower  four  cervical  nerves  as  they  emerge  from  the  intervertebral  foramina. 

The  posterior  scapular  nerve  (n.  dorsalis  scapulse,  nerve  to  the  rhomboids) 
arises  from  the  back  of  the  fifth  cervical  nerve,  as  it  emerges  from  the  intervertebral 
foramen.  It  appears  in  the  posterior  triangle  of  the  neck,  after  piercing  the 
scalenus  medius  muscle.  It  is  directed  downwards,  under  cover  of  the  levator 
anguli  scapulae  and '  rhomboid  muscles,  and  along  the  vertebral  border  of  the 
scapula,  to  be  distributed  to  the  levator  anguli  scapulas,  rhomboideus  minor,  and 
rhomboideus  major  muscles.    It  occasionally  pierces  the  levator  anguli  scapuk^. 

The  long  thoracic  nerve  (n.  thoracalis  longus,  external  respiratory  nerve  of 
Bell)  arises  by  three  roots,  of  which  the  middle  one  is  usually  the  largest,  from  the 
back  of  the  fifth,  sixth,  and  seventh  nerves,  as  they 
emerge  from  the  intervertebral  foramina.  The  nerve 
pierces  the  scalenus  medius  as  two  trunks,  of  which 
the  lower  represents  the  contribution  from  the  seventh 
cervical  nerve,  and,  descending  along  the  side  of  the 
neck  behind  the  cords  of  the  brachial  plexus,  it 
enters  the  axilla  between  the  upper  edge  of  the 
serratus  magnus  and  the  axillary  artery.  It  con- 
tinues its  downward  course  over  the  outer  surface 
of  the  serratus  magnus,  to  which  it  is  distributed. 

There  is  a  more  or  less  definite  relation  between  the  roots 
of  this  nerve  and  the  parts  of  the  serratus  magnus.  The  first 
part  of  the  muscle  is  innervated  by  the  fifth  nerve  alone  ; 
the  second  part  by  the  fifth  and  sixth,  or  the  sixth  alone  ; 
the  third  part  by  the  sixth  and  seventh,  or  the  seventh 
nerve  alone. 

The  suprascapular  nerve  (n.  SLiprasca]3ularis) 
arises  from  the  back  of  the  cord  formed  by  the 
fifth  and  sixth  cervical  nerves  in  the  posterior 
triangle  of  the  neck.  It  occupies  a  position  above  ^95 
the  main  cords  of  the  brachial  plexus,  and  courses 
downwards  and  outwards  parallel  to  them  towards 
the  superior  border  of  the  scapula.  It  passes  through 
the  suprascapular  foramen  to  reach  the  dorsum  of 
the  scapula.  After  supplying  the  supraspinatus 
muscle  it  winds  round  the  great  scapular  notch  in 
company  with  the  suprascapular  artery  and  terminates 
in  the  infraspinatus  muscle.  It  also  supplies  articular 
branches  to  the  back  of  the  shoulder  joint. 

Infra -clavicular  Nerves.— The  so-called  infra -clavicular  branches  of  the 
brachial  plexus  are  distributed  to  the  chest,  shoulder,  and  arm.  Accordino-  to 
their  origin  they  are  divisible  into  two  sets — an  anterior  set,  derived  from^the 
outer  and  inner  cords,  and  a  posterior  set,  derived  from  the  posterior  cord.  In 
their  distribution  the  same  division  is  maintained.  The  anterior  nerves  of 
distribution,  springing  from  the  outer  and  inner  cords,  supply  generally  the  chest 
and  the  front  of  the  limb ;  the  posterior  nerves,  springing  from  the  posterior  cord, 
supply  the  shoulder  and  the  back  of  the  limb. 


C.8  Inner 
T.I  Cord 


Diagram  of  the  oeigin 
AND  Distribution  of  the  Nerves 
TO  THE  Pectoral  Muscles. 

E.A.T,  External  anterior  thoracic  nerve  ; 
I.A.T,  Internal  anterior  thoracic 
nerve  ;  C.5,  6,  7,  C.8,  T.l,  Nerves  of 
the  brachial  plexus  ;  Art,  Axillary 
artery  ;  Cl,  Clavicle  ;  ScL,  Sub- 
clavius  muscle  ;  P.  Ml,  Pectoralis 
minor,  joined  to  subclavius  by 
costo-coracoid  membrane  ;  P. Ma, 
Pectoralis  major. 
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Anterior  Branches. 
Nerves  from  the  Outer  Cord. 

Outer  head  of  median.  Musculo-cutaneous. 
Nerves  from  the  Inner  Cord. 
Ulnar. 

Internal  cutaneous.  Lesser  internal  cutaneous. 

Posterior  Branches. 
Nerves  from  the  Posterior  Cord. 

Circumflex.  Musculo-spiral.  Three  subscapular  nerves. 


External  anterior  thoracic. 


Internal  anterior  thoracic. 


Inner  head  of  median. 
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Anterior  Thoracic  Nerves. 

The  anterior  thoracic  nerves  (nn.  thoracicales  anteriores)  are  two  in  number, 
external  and  internal.    The  external  anterior  thoracic  nerve  arises  from  the  outer 
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cord  of  the  brachial  plexus  by  three 
roots— from  the  fifth,  sixth,  and 
Triceps  sevcnth  cervical  nerves.  The  in- 
(mnerhead)  ^g^nal  anterior  thoracic  nerve  arises 
from  the  inner  cord  of  the  plexus, 
from  the  eighth  cervical  and  first 
thoracic  nerves.  Each  courses  down- 
wards and  forwards  on  either  side 
of  the  axillary  artery.  A  loop  of 
communication  is  formed  between 
them  over  the  artery.  They  are 
finally  distributed  to  the  pectoralis 
major  and  minor  muscles  (Fig.  495). 

The  nerves  are  distributed  to  the 
pectoral  muscles  in  the  following 
way  : — Two  sets  of  branches  from  the 
external  anterior  thoracic  nerve  pierce 
the  costo- coracoid  membrane.  The 
upper  branches  supply  the  clavicular 
part  of  the  pectoralis  major;  the  lower 
branches  are  distributed  to  the  upper 
fibres  of  the  sternal  portion  of  the 
muscle.  The  upper  branches  come 
from  the  fifth  and  sixth  cervical  nerves; 
the  lower  branches,  from  the  fifth, 
sixth,  and  seventh  nerves.  The  pectoralis  minor  is  pierced  by  two  sets  of  nerves — the 
upper  set  is  derived  from  the  loop  of  communication  betw^een  the  external  and  internal 
anterior  thoracic  nerves  over  the  axillary  artery ;  the  lower  set  is  derived  from  the 
internal  anterior  thoracic  nerve  alone.  These  nerves  supply  the  piectoralis  minor  muscle, 
and,  after  piercing  it,  supply  the  sternal  part  oi  the  pectoralis  major.    The  lower  nerve,  in 


Origin  of 
tlexor 
luuscles  of 
forearm 

Flexor 
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Fig.  496. — The  Posterior  Wall  of  the  Axilla  and  the 
Front  of  thk  Arm  (the  biceps  being  divided). 


MEDIAN  NEEVE. 
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many  cases,  sends  its  branches  to  the  pectorahs  major  round  the  lower  border  of  the 
pectoralis  minor,  and  it  may  supply  on  its  way  the  axillary  arches,  if  present.  These  two 
branches  are  derived — the  upper  from  the  seventh,  eighth  cervical,  and  first  thoracic 
nerves ;  the  lower  from  the  eighth  cervical  and  first  thoracic  nerves.  The  pectoral 
muscles  are  thus  both  supplied  by  the  two  anterior  thoracic  nerves.  The  clavicular  fibres  of 
the  pectoralis  major  are  innervated  by  the  fifth  and  sixth  nerves ;  the  sternal  fibres,  from 
above  downwards,  by  the  fifth,  sixth,  seventh,  and  eighth  cervical,  and  first  thoracic 
nerves ;  and  the  pectoralis  minor  is  supplied  by  the  seventh  and  eighth  cervical,  and 
first  thoracic  nerves. 

MUSCULO-CUTANEOUS  NeRVE. 

The  musculo-cutaneous  nerve  (n.  mnsculo-cutaneus)  takes  origin  from  the 
outer  cord  of  the  plexus,  from  the  fifth  and  sixth  cervical  nerves  (Fig.  496).  The 
nerve  to  the  coraco-brachialis  muscle,  arising  from  the  seventh  or  sixth  and  seventh 
nerves,  is  usually  associated  with  it.  Separating  "froih  Ibhe  outer  head  of  the 
median  nerve,  the  musculo-cutaneous  nerve  lies  at  first  between  the  coraco- 
brachialis  muscle  and  the  axillary  artery.  It  is  then  directed  downwards  between 
the  two  parts  of  the  coraco-brachialis,  and  passes  between  the  biceps  and  brachialis 
anticus  muscles,  to  the  bend  of  the  elbow.  In  its  course  it  may  send  a  branch 
under  the  biceps  to  join  the  median  nerve.  It  piSf£5s^h^  deep  fascia  over  the 
front  of  the  elbow,  between  the  biceps  and  bracmo^^acliaiS^,^ahd  terminates  in 
cutaneous  branches  for  the  supply  of  the  outer  side  of  the  forearm. 

The  branches  of  the  nerve  are  muscular  and  cutaneous.  The  muscular  branches 
are  supplied  to  the  two  heads  of  the  biceps  and  the  brachialis  anticus,  as  the  nerve 
lies  between  the  muscles.  The  nerve  to  the  coraco-brachialis  (usually  incorporated 
with  the  trunk  of  the  musculo-cutaneous  nerve)  has  an  independent  origin  from 
thj^Sfiventh  or  sixth  and  seventh  nerves.  It  is  usually  double,  one  branch  entering 
each  portion  of  the  mirscle.  Tlie  cutaneous  branches  are  anterior  and  posterior 
(Fig.  497,  p.  628).  The  anterior  branch  descends  along  the  front  of  the  outer  side 
of  the  forearm  to  the  wrist,  and  supplies  an  area  extending  inwards  to  the  middle 
line  of  the  forearm  anteriorly,  and  downwards  so  as  to  include  the  ball  of  the 
thumb.  It  communicates  above  the  wrist  with  the  radial  nerve,  and  supplies 
branches  to  the  radial  artery.  The  posterior  branch  passes  backwards  and 
downwards  over  the  extensor  muscles  and  supplies  the  skin  on  the  outer  aspect 
of  the  forearm  posteriorly  in  its  upper  three-fourths,  communicating  with  the 
cutaneous  branches  of  the  musculo-spiral  nerve. 

In  addition  to  the  above  branches,  the  musculo-cutaneous  nerve  supplies  in  many 
cases  the  following  small  twigs  in  the  arm  :  (1)  a  medullary  branch  to  the  humerus;  (2) 
a  periosteal  branch  to  the  lower  end  of  the  humerus  on  its  anterior  surface ;  and  (3)  a 
branch  to  the  brachial  artery. 

Median  Nerve.    /  ^(^'^.'Ct^A4•;■f.a^•wv^  / 

The  median  nerve  (n.  medianus)  arises  by  two  roots — one  from  the  outer 
cord,  the  other  from  the  inner  cord  of  the  brachial  plexus.  The  outer  head,  from 
the  (fifth),  sixth,  and  seventh  nerves,  descends  along  tlie  outer  side  of  the  axillary 
artery ;  the  inner  head,  from  the  eighth  cervical  and  first  thoracic  nerves,  crosses 
the  end  of  the  axillary  artery  or  the  beginning  of  the  brachial  artery,  to  join  the  other 
head  in  the  upper  part  of  the  arm.  Descending  along  the  outer  side  of  the  brachial 
artery,  the  nerve  crosses  over  it  obliquely  in  the  lower  half  of  the  arm.  In  the 
hollow  of  the  elbow,  it  lies  internal  to  the  brachial  artery,  beneath  the  bicipital 
fascia  nnd  the  median  basilic  vein.  It  passes  into  the  forearm  between  the  two 
heads  of  the  pronator  radii  teres  muscle,  separated  from  the  ulnar  artery  by  the 
deep  origin  of  that  muscle.  Extending  down  the  middle  of  the  forearm,  between 
the  superficial  and  deep  muscles  to  the  wrist,  it  enters  the  palm  of  the  hand  on  the 
outer  side  of  the  flexor  tendons  of  the  fingers  beneath  the  anterior  annular 
ligament.  In  the  hand  it  spreads  out  at  the  lower  border  of  the  annular  ligament 
beneath  the  palmar  fascia  and  superficial  palmar  arch,  and  separates  into  its  six 
terininal  branches.  In  the  forearm  a  small  artery  accompanies  it, — the  comes  nervi 
mediani.  Above  the  wrist  it  is  comparatively  superficial,  lying  on  the  outer  side  of 
the  superficial  flexor  tendons  and  directly  beneath  the  tendon  of  the  palmaris  longus. 
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Communications. — (1)  The  median,  in  some  cases,  receives  a  commmiicating  branch 
from  the  musculo-cutaneous  nerve  in  the  arm.  (2)  It  communicates  in  some  cases,  in 
the  upper  part  of  tlie  forearm,  with  the  ulnar  nerve  beneath  the  flexor  muscles.  (3)  It 
communicates  by  means  of  its  cutaneous  branches  with  the  ulnar  nerve  in  the  palm  of 
the  hand. 

Branches. — 'J'lie  median  uerve  usually  gives  off  no  branches  in  the  upper  arm. 
Branches  in  the  Forearm. — (1)  Articular  Branches. — Minute  articular  filaments 

are  distributed  to  the 
front  of  the  elbow-joint. 

(2)  Muscular  Bran- 
ches.—  Just  below  the 
elbow  a  bundle  of  nerves 
arise  which  is  distributed 
to  the  following  muscles: 
pronator  radii  teres, 
flexor  carpi  radialis,  pal- 
maris  longus,  flexor  sub- 
limis  digit orum.  Nerves 
are  also  generally  trace- 
able from  this  bundle  to 
the  upper  fibres  of  the 
flexor  longus  pollicis 
and  flexor  profundus 
digitorum.  The  nerve 
to  the  pronator  radii 
teres  often  arises  inde- 
pendently in  the  hollow 
of  the  elbow. 

(3)  The  anterior  in- 
terosseous nerve  arises 
from  the  back  of  the 
median  nerve  in  the 
forearm,  descends  in 
front  of  the  interosseous 
membrane  along  with 
the  anterior  interosseous 
artery,  passes  behind 
the  pronator  quadratus 
muscle,  and  terminates 
by  supplying  articular 
filaments  to  the  radio- 
carpal articulation.  In 
its  course  the  nerve 
supplies  muscular 
branches  to  the  flexor 
longus  pollicis,  the  outer 
half  of  the  flexor  pro- 

digitorum,  and 
the  pronator  quadratus, 
minute  medullary 
branches  to  the  radius 
and  ulna,  and  twigs  to 
the  periosteum  and  in- 
terosseous membrane. 
(4)  Palmar  Cutaneous  Branch. — In  the  lower  third  of  the  forearm  a  small 
cutaneous  branch  arises,  which  pierces  the  deep  fascia  and  crosses  the  anterior 
annular  ligament  to  reach  the  palm  of  the  hand.  It  supplies  the  skin  of  the  palm 
and  communicates  with  a  similar  branch  of  the  ulnar  nerve.  This  branch  is  not 
always  present. 


Fig.  497. — The  Distribution  of  Cutaneous  Nerves  on  the  Front  of 
THE  Arm  and  Hand. 

(A)  represents  the  distribution  of  the  several  nerves,  the  letters  indicating 

their  nomenclature.  AcR,  Acromial  branch  (cervical  plexus)  ;  CiRC, 
Cutaneous  branch  of  circumflex  nerve  ;  M.Sb,  Superior  external 
cutaneous  branch  of  musculo-spiral  nerve  ;  M.C,  Musculo-cutaneous  funduS 
nerve;  M,  Median  nerve;  U,  Ulnar  nerve;  I.C,  Internal  cutaneous 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  (Wrisberg)  ;  I.H,  Inter- 
costo-humeral  nerve  ;  T.2,  3,  4,  5,  6,  Anterior  and  lateral  branches  of 
intercostal  nerves. 

(B)  is  a  schematic  representation  of  the  areas  supplied  by  the  above  nerves, 

the  lettering  indicating  the  spinal  origin  of  the  branches  of  distribution 
to  each  area.    V.A.L,  Ventral  axial  line. 
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Branches  in  the  Hand. — In  the  hand  the  median  nerve  gives  off  its  terminal 
branches.    These  are  muscular  and  cutaneous. 

The  main  muscular  branch  arises  just  below  the  anterior  annular  ligament  and 
passes  outwards  to  the  base  of  the  thenar  eminence  ;  entering  the  ball  of  the  thumb 
superficially  on  the  inner  side,  it  supplies  branches  to  the  abductor  pollicis, 
opponens  pollicis,  and  the  superficial  head  of  the  flexor  brevis  pollicis. 

The  cutaneous  branches  are  five  in  number.  Three  separate  branches  supply  each 
side  of  the  thumb  and  the  radial  side  of  the  index  finger.  The  two  remaining 
branches  subdivide  at  the  cleft  between  the  second  and  third,  and  the  third  and 
fourth  fingers  respectively,  into  branches  which  supply  the  adjacent  sides  of  the 
second  and  third,  and  the  third  and  fourth  fingers.  From  the  nerves  which  supply 
respectively  the  radial  side  of  the  index  finger,  and  the  contiguous  sides  of  the 
index  and  third  fingers,  fine  muscular  branches  arise  for  the  two  jouter  lunite 
muscles.  The  cutaneous  branches  of  the  median  nerve  are  placed  in  the  palm 
between  the  superficial  palmar  arch  and  the  flexor  tendons.  They  become  super- 
ficial at  the  roots  of  the  fingers  between  the  slips  of  the  palmar  fascia,  or,  in  the 
case  of  the  nerves  to  the  thumb  and  radial  side  of  the  index  finger,  at  the  outer 
edge  of  the  central  portion  of  the  palmar  fascia.  In  the  fingers  they  are  placed 
superficial  to  the  digital  arteries,  and  are  distributed  to  the  sides  and  front  of  the 
fingers.  Each  nerve  supplies  one  or  more  dorsal  branches,  distributed  to  the  skin 
on  the  dorsal  aspect  of  the  terminal  phalanx  of  the  thumb  and  the  two  distal 
phalanges  of  the  first  two  and  a  half  fingers,  thus  making  up  for  the  deficiency  of 
the  radial  nerve  in  these  situations. 

'  

Ulnar  Nerve. 

The  ulnar  nerve  (n.  ulnaris)  arises  from  the  inner  cord  of  the  brachial  plexus, 
from  the  eighth  cervical  and  first  thoracic  nerves.  It  also  occasionally  has  a  root 
from  the  outer  cord  of  the  plexus  (seventh  cervical  nerve).  In  the  axilla  it  lies 
between  the  axillary  artery  and  vein,  and  behind  the  internal  cutaneous  nerve ;  in 
the  upper  half  of  the  upper  arm  it  lies  on  the  inner  side  of  the  brachial  artery  in 
front  of  the  triceps  muscle.  In  the  lower  half  of  the  arm  it  is  separated  from  the 
brachial  artery ;  and  passing  behind  the  intermuscular  septum,  and  in  front  of  the 
inner  head  of  the  triceps  in  company  with  the  inferior  profunda  artery,  it  reaches  the 
interval  between  the  internal  condyle  of  the  humerus  and  the  olecranon  process.  It 
is  here  protected  by  an  arch  of  deep  fascia  stretching  between  the  internal  condyle 
and  the  olecranon  process.  It  enters  the  forearm  between  the  humeral  and  ulnar 
origins  of  the  flexor  carpi  ulnaris,  and  courses  downwards  between  the  flexor  carpi 
ulnaris  and  flexor  profundus  digitorum.  In  the  lower  half  of  the  forearm  it  becomes 
comparatively  superficial,  lying  on  the  inner  side  of  the  ulnar  artery  beneath  the 
tendon  of  the  flexor  carpi  ulnaris.  Just  above  the  anterior  annular  hgament  of  the 
wrist,  and  external  to  the  pisiform  bone,  it  pierces  the  deep  fascia  in  company  with 
the  artery  and  passes  into  the  hand  over  the  anterior  annular  ligament.  Eeaching 
the  palm  it  divides  beneath  the  palmaris  brevis  muscle  into  its  two  terminal 
branches,  superficial  and  deep. 

Communications. — (1)  The  ulnar  nerve  communicates  in  some  cases  with  the  median 
nerve  in  the  forearm ;  (2)  with  the  internal  cutaneous  and  sometimes  the  median  nerve 
by  its  palmar  cutaneous  branch  ;  (3)  with  the  cutaneous  part  of  the  median  nerve  in  the 
palm  by  means  of  its  terminal  cutaneous  branches  ;  (4)  with  the  radial  nerve  on  the 
dorsum  of  the  hand  by  means  of  its  dorsal  branch. 

Branches. — The  ulnar  nerve  gives  off  no  branches  till  it  reaches  the  forearm. 

In  the  forearm  it  gives  off  articular,  muscular,  and  cutaneous  branches. 

The  articular  branch  is  distributed  to  the  elbow  joint  and  arises  as  the  nerve 
passes  behind  the  internal  condyle. 

The  muscular  branches  arise  as  soon  as  the  nerve  enters  the  forearm.  They  are 
distributed  to  the  muscles  between  which  the  ulnar  nerve  lies — the  flexor  carpi 
ulnaris  and  the  inner  half  of  the  flexor  profundus  digitorum. 

The  cutaneous  branches  are  two  in  number,  palmar  and  dorsal. 
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The  palmar  cutaneous  "branch  is  variable  in  size  and  position.  It  pierces  the 
deep  fascia  in  tlie  Inwer  third  of  the  forearm  and  passes  to  the  hypothenar 
eminence  and  palm  of  the  hand,  to  the  skin  over  which  it  is  distributed.    It  gives 

branches  to  the 
ulnar  artery,  and 
communicates  often 
with  the  internal 
cutaneous  and 
palmar  branch  of 
the  median  nerve. 

The  dorsal  cut- 
aneous branch  is 
much  larger  (Fig. 
498).  It  arise's 
from  the  ulnar  nerve 
in  thej,mcklle_  third^ 
oT  the  forearm; 
and,  directed  ob- 
liquely downwards 
and  backwards  be- 
neath the  tendon  of 
the  flexor  carpi 
ulnaris,  it  becomes 
cutaneous  on  the 
inner  side  of  the 
forearm  in  its  lower 
fourth.  It  passes 
on  to  the  back  of  the 
hand,  and  after  giv- 
ing off  branches  to 
the  skin  of  the  wrist 
and  hand,  which 
communicate  with 
the  radial  nerve,  it 
terminates  in  two 
branches,  to  supply 
the  little  fino-er  and 
half  the  ring-finger 
in  the  following 
way  :  —  the  inner 
branch  courses 
along  the  inner  side 
of  the  dorsum  of 
the  hand  and  little 
finger :  the  outer 
branch  subdivides 
at  the  cleft  between 
the  ring  and  little 
fingers  to  supply 
the  adjacent  sides 
of  these  fingers ; 
The  nerve  niay  supply  two  and 


Fig.  498, 


Distribution  of  Cutaneous  Nerves  on 
Arm  and  Hand. 


(A)  represents  the  distribution  of  the  several  nerves,  the  letters  indicating  their 

nomenclature.  AcR,  Acromial  branches  (cervical  plexus)  ;  CiRC,  Cutaneous 
branch  of  circumflex  nerve  ;  Ms.E.C.s,  Ms.E.C.i,  Supei'ior  and  inferior  external 
cutaneous  branches  of  musculo-spiral  nerve  ;  M.C,  Musculo-cutaneous  nerve  : 
E,  Eadial  nerve  ;  M,  Branches  of  median  nerve  to  Angers  ;  U,  Ulnar  nerve  ; 
I.C,  Internal  cutaneous  nerve  ;  Ms.I.C,  Internal  cutaneous  branch  of  musculo- 
spiral  nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  (Wrisberg)  ;  I.H,  Inter- 
costo-humeral  ;  T.l.  2,  3,  4,  5,  6,  Lateral  and  posterior  branches  of  upper 
tlioracic  nerves. 

(B)  is  a  schematic  representation  of  the  areas  supplied  l)y  the  above  nerves,  the 

lettering  indicating  the  spinal  oi  igin  of  the  branches  of  distribution  to  each 
area.    D.A.L,  Dorsal  axial  line. 


this  branch  communicates  with  the  radial  nerve, 
a  half  fingers  on  the  dorsum  of  the  hand. 

In  the  palm  the  ulnar  nerve  supplies  a  small  muscular  branch  to  the  palmaris 
brevis  muscle,  and  then  subdivides  into  its  terminal  branches,  which  are  named 
superficial  and  deep. 

The  superficial  branch  is  purely  cutaneous;  it  passes  downwards  beneath  the 
palmar  fascia,  and  subdivides  into  an  inner  and  an  outer  branch.  The  inner 
branch  courses  along  the  inner  border  of  the  little  finger,  which  it  supplies  on  its 
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palmar  aspect.  The  outer  branch  becomes  superficial  at  the  cleft  between  the 
fourth  and  fifth  fingers,  between  the  slips  of  the  palmar  fascia,  and  subdivides  into 
two  branches  which  supply  the  adjacent  sides  of  these  fingers  on  their  palmar  aspect. 
It  communicates  with  the  adjacent  digital  branch  of  the  median  nerve. 

The  deep  branch  is  purely  muscular.    It  separates  from  the  superficial  branch. 


Levator  anguli  scapultc 


Trapezius 
(lower  part) 


Rhomboidens 
major 


Su  praspi  natu  s  1  nii  scle 
Scapular  spnic  (ci;t) 

— Infraspinatus 


Teres  minoi 


Scapular  fascia  - 

Dorsal  Scapular 
rtery  (branch  of) 

Teres  major  - 


Latissimus  dorsi 


Nerve  to  teres  minor 
Circumflex  nerve  and 
^ \rtery 

Deltoid  (reflected) 

Cutaneous  branch 
of  circomflex 

^iJ^^^y^^^atttftii-li  e  ad  ) 


Triceps  (inner  head) 
~  Jlxternal  intermuscular  septum 

External  cutaneous 
branches  of  musculo- 


carpi 
ulnaris 


Extensor  carpi  radialis  longior 


Extensor  muscles  of  forearm 
(common  tendon) 


and  passes  deeply  between  the . 
flexor  brevis  and  aljductor  minimi 
l^igTti'  muscles  ;  it  supplies  these 
muscles  and  the  opponens  minimi  _ 
digiti,  and,  turning  outwards  along 
tTieTlne  of  "the  deep  palmar  arch 
and  under  cover  of  the  deep  flexor, 
tendons,  it  supplies  branches  to  ulnar 
the  following  muscles  :  interossei, 
two  inner  (third  and  fourth)  luni- 
bricaies-(ontheir  deep  surfaces),  th  e 
adductores  pollicis,  obliquus  and 
transvers'us,  and  deep  part  of  the 
;|flegT^Brevi  pollicis. 

Internal  Cutaneous  Nerve. 

The  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis)  arises  from 
the  inner  cord  of  the  brachial  plexus,  from  the  eighth  cervical  and  first  thoracic 
nerves  (Figs.  497  and  498).  In  the  axilla  and  upper  half  of  the  arm  it  lies  superficial 
to  the  main  artery.  It  becom3s  cutaneous  by  piercing  the  deep  fascia  about  the 
middle  of  the  inner  side  of  the  upper  arm,  and  accompanying  the  basilic  vein 
through  the  lower  half  of  the  arm,  it  divides  at  the  front  of  the  elbow  into  its  two 
terminal  branches. 

Communication. — The  internal  cutaneous  nerve  communicates  with  the  palmar 
branch  of  the  ulnar  nerve  in  the  lower  part  of  the  forearm. 
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Branches. — In  the  arm,  as  soon  as  it  becomes  superficial,  the  internal  cutaneous 
nerve  gives  off  a  branch  which  supplies  the  skin  of  the  lower  half  of  the  anterior 
surface  of  the  arm  on  its  inner  side.  At  the  elbow  it  divides  into  two  terminal 
branches — anterior  and  internal,  which,  crossing  over  or  under  the  median  basilic 
vein,  are  distributed  to  the  inner  side  of  the  forearm. 

The  anterior  branch  can  be  followed  to  the  wrist  and  supplies  the  whole  of  the 
front  of  the  forearm  in  the  inner  half ;  the  internal  branch  is  not  so  large,  and, 
passing  obliquely  backwards  and  downwards  over  the  origins  of  the  pronator  and 
flexor  muscles,  it  is  distributed  to  the  upper  two-thirds  or  three-fourths  of  the 
posterior  aspect  of  the  forearm  on  the  inner  side. 

Lessee  Internal  Cutaneous  Nerve. 

The  lesser  internal  cutaneous  nerve  (n.  cutaneus  brachii  medialis  minor) 
arises  from  the  inner  cord  of  the  brachial  plexus,  and  ultimately  from  the  first 
thoracic  nerve  (Fig.  494,  p.  624).  It  lies  at  first  between  the  axillary  artery  and  , 
vein  ;  and  after  descending  over,  under,  or_eyen,  in  so  cases,  through  the  axillary 
vein,  it  perforates  the  deep  fascia  on  the  inner  side  of  the  arm,  aM  Is  distnhuted  to 
the  skin  of  the  arm  for  the  upper  half  or  more  on  its  inner  side. 

The  nerve  varies  considerably  in  size.  It  may  be  absent,  its  place  being  taken  by  branches 
of  the  intercosto -humeral  or  by  branches  from  the  internal  cutaneous  offset  of  the  musculo- 
sj^iral  nerve.  It  generally  bears  a  distinct  relation  in  size  to  the  intercosto-humeral,  due  to  the  fact 
that  the  size  of  the  latter  depends  upon  the  size  of  the  j^art  of  the  second  thoracic  nerve  con- 
nected with  the  first  in  the  thorax.  If  an  intra-thoracic  connexion  occurs  between  the  first  and 
second  thoracic  nerves,  the  intercosto-humeral  may  be  deprived  of  a  certain  number  of  its 
fibres,  which  in  that  case  reach  the  upjDer  limb  through  the  lesser  internal  cutaneous  nerve. 
When  traced  up  to  the  plexus  the  lesser  internal  cutaneous  is  found  to  have  an  origin  from  the 
back  of  the  cord  formed  by  the  eighth  cervical  and  first  thoracic  nerves,  and  usually  receives 
fibres  from  the  first  thoracic  nerve  only.  In  cases  where  "  axillary  arches  "  are  present  they  may 
be  supplied  by  this  nerve. 

Circumflex  Nerve. 

The  circumflex  nerve  (n.  axillaris),  at  its  origin  is  just  below  the  supra- 
scapular and  comes  from  the  same  spinal  nerves — the  fifth  and  sixth  cervical 
nerves  (Fig.  494,  p.  623).  Extending  downwards  and  outwards  behind  the  axillary 
artery,  it  leaves  the  axilla  by  passing  round  the  external  border  of  the  subscapularis 
muscle,  in  company  with  the  posterior  circumflex  artery,  in  a  quadrilateral  space 
bounded  by  the  humerus,  subscapularis,  triceps  (long  head),  and  teres  major. 
Winding  round  the  surgical  neck  of  the  humerus  from  within  outwards,  it 
terminates  under  the  deltoid  by  supplying  that  muscle  (Fig.  499,  p.  631). 

Branches. — Muscular  branches  are  supplied  to  the  teres  minor  and  deltoid 
muscles.  The  nerve  to  the  teres  minor  enters  the  outer  side  of  the  muscle.  It 
possesses  a  pseudo-ganglion,  a  thickening  of  fibrous  tissue,  on  its  trunk. 

Articular  branches  enter  the  back  part  of  the  capsule  of  the  shoulder-joint. 

A  cutaneous  branch  (n.  cutaneus  brachii  lateralis)  of  considerable  size  passes 
obliquely  downwards  and  forwards  from  beneath  the  deltoid  muscle,  becoming 
superficial  at  its  posterior  border.  Sometimes  the  branches  pierce  the  muscle.  It 
supplies  the  skin  over  the  insertion  of  the  deltoid  and  the  upper  half  of  the  arm 
on  the  outer  side  (Fig.  498,  p.  630). 

Musculo-Spiral  Nerve. 

The  musculo -spiral  nerve  (n.  radialis)  appears  to  be  the  continuation  into  the 
upper  limb  of  the  posterior  cord  of  the  brachial  plexus.  It  usually  takes  origin 
from  all  the  nerves  which  form  the  posterior  cord — the  fifth,  sixth,  seventh,  and 
eighth  cervical  nerves  (Fig.  494,  p.  623).  In  a  minority  of  cases  the  first  thoracic 
contributes  a  few  fibres,  and  more  frequently  the  fifth  cervical  nerve  is  excluded 
from  it.  It  extends  from  the  axilla  round  the  back  of  the  humerus  to  the  bend  of 
the  elbow,  where  it  ends  by  dividing  into  its  terminal  branches. 

In  the  axilla  it  lies  behind  the  axillary  artery,  and  in  front  of  the  subscapularis, 
teres  major,  and  latissimus  dorsi  muscles. 
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In  the  arm,  in  the  upper  third,  it  lies  on  the  inner  side  of  the  humerus  behind 
the  brachial  artery,  and  upon  the  long  head  of  the  triceps.    In  the  middle  third  of 
the  arm  it  courses  obliquely  outwards  and  downwards  in  the  spiral  groove  of  the 
humerus,  along  with  the  superior  profunda  artery,  separating  the  long,  external, 
and  internal  heads  of  the  triceps  muscle  (Fig.  499,  p.  631).    In  the  lower  third  of 
the  arm,  piercing  the  upper  part  of  the  intermuscular 
septum  at  the  outer  border  of  the  triceps  muscle,  it 
descends  to  the  bend  of  the  elbow  in  front  of  the  external 
condyle  of  the  humerus,  in  the  interval  between  the 
brachio-radialis  and  brachialis  anticus  muscles.  Under 
cover  of  the  former  muscle,  in  the  hollow  of  the  elbow, 
it  divides  into  its  two  terminal  branches,  the  radial  and 
posterior  interosseous  nerves. 

The  collateral  branches  are  in  three  sets,  arising 
(a)  on  the  inner  side,  (6)  on  the  back,  and  (c)  on  the 
outer  side  of  the  humerus  (Fig.  500). 

Branches  arising  internal  to  the  humerus. — 1. 
Internal  cutaneou¥~(iircutaireus  b^achii~pbstenor). — This 
branch,  arising  in  common  with  one  of  the  following,  or 
independently,  pierces  the  fascia  on  the  inner  side  of 
the  arm  near  the  axilla.  It  supplies  the  skin  of  the 
inner  side  of  the  arm  in  the  upper  third,  above  and 
behind  the  area  supplied  by  the  lesser  internal  cutaneous 
nerve  (Fig.  498,  p.  630).  This  nerve  varies  in  size, 
according  to  the  bulk  of  the  lesser  internal  cutaneous 
and  intercosto-humeral  nerves. 

2.  Muscular  branches  (rr.  musculares). — These  are 
in  two  sets.  One  series  supplies  the  long  head  of  the 
triceps  muscle  near  its  origin ;  the  other  series  enters 
the  inner  head  of  the  muscle.  One  of  the  latter, 
separating  itself  from  the  rest,  accompanies  the  ulnar 
nerve  in  the_jmddJ^third_of__^  supplies  the 

lower  part_QL  the-muscle.    This  is  sometimes  called  the 
collateral  ulnar  nerve. 

Branches  arising  on  the  back  of  the  humerus. — 
Muscular  branches  arise  from  the  nerve  in  the  musculo- 
spiral  groove  for  the  supply  of  all  three  heads  of  the 
triceps  muscle.  The  branch  which  enters  the  inner 
head  of  the  muscle,  besides  supplying  it,  passes  through 
the  muscle  and  behind  the  external  condyle  of  the 
humerus,  to  terminate  in  the  anconeus. 

Branches  arising  at  the  outer  side  of  the 
humerus.  —  1.  The  cutaneous  branches  (n.  cutaneus 
antibrachii  dorsalis)  are  two  in  number,  superior  and 
inferior.  Arising  from  the  musculo-spiral  nerve  before 
it  pierces  the  external  intermuscular  septum,  these 
branches  pierce  the  deep  fascia  close  together  on  the 
outer  side  of  the  arm  in  its  lower  half.  Descending 
over  the  back  of  the  external  condyle,  the  superior 
branch  supplies  the  skin  of  the  outer  side  and  back  of 

the  arm  in  its  lower  third,  and  the  back  of  the  forearm  in  its  upper  half.  The 
inferior  branch  supplies  an  area  of  skin  on  the  back  of  the  forearm  in  the  upper  . 
two-thirds  internal  to  the  area  innervated  by  the  musculo  -  cutaneous  nerve-nv^ 
(Fig.  498,  p.  630). 

2.  Muscular  branches. — The  musculo -sDiml  nerve,  as  it  lies  in  the  interval 
between  the  brachialis  anticus  and  bl'-afliio-ra'dialis,  supplies  a  small  branch  to  the 
brachialis  anticus  (which  in  some  cases  is  not  present)  and  nerves  to  the  brachio- 
radialis  and  extensor  carpi  radialis  longior.  It  may  also  provide  the  nerve  to  the 
extensor  carpi  radialis  brevior. 


Fig.  500. — Diagrammatic  Repre- 
sentation OF  THE  Branches 
OF  THE  Musculo-spiral  Nerve. 

M.S,  Musculo-spiral  nerve  ;  L.H, 
Nerve  to  long  head  of  triceps  ; 
I.C,  Internal  cutaneous  branch  ; 
I.H,  Nerve  to  inner  head  of 
triceps;  O.H,  Nerve  to  outer  head 
of  triceps  ;  I.H,  Second  nerve 
to  inner  head  of  triceps  ;  Anc. 
Nerve  to  anconeus  ;  Art,  Ar- 
ticular branch  ;  E.Cs,  Superior, 
external  cutaneous  branch  ;  E.Ci, 
Inferior  external  cutaneous 
branch  ;  B.A,  Nerve  to  brachialis 
anticus  ;  Br,  Nerve  to  brachio- 
radialis  ;  E.C.R.L,  Nerve  to  ex- 
tensor carpi  radialis  longior  ;  P.I, 
Posterior  interosseous  nerve  ;  R, 
Radial  nerve. 
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Eadtal  Nerve. 


The  radial  nerve  (r.  superficialis)  is  entirely 


External  condyle 


Extensor  muscles 
(origin) 


Supinator  radii 

brevis 


Extensor  carpi 
ulnaris 


cutaneous  in  its  distribution- 
Arising  in  the  hollow  of  the 
elbow  beneath  the  brachio- 
radialis,  it  courses  downwards 
under  cover  of  that  muscle 
through  the  upper  two-thirds 
of  the  arm,  and  accompanies 
the  radial  artery  in  the  middle 
third  of  the  forearm.  It  then 
passes  backwards  beneath  the 
tendon  of  the  bracliio-radialis 
and  pierces  the  deep  fascia  in 
the  outer  side  of  the  forearm 
in  the  lower  third.  It  is 
distributed  to  the  skin  of  the 
back  of  the  wrist,  the  outer 
side  and  the  back  of  the  hand, 
and  the  back  of  the  thumb  and 
outer  two  and  a  half  frtioers 
(Fig.  498,  p.  630).  Its  branches 
communicate  on  the  ball  of 
the  thumb  with  the  musculo- 
cutaneous nerve,  and  on  the 
back  of  the  hand  with  the 
dorsal  branch  of  the  ulnar 
nerve.  The  digital  branches 
are  small,  and  are  five  in 
number.  Two  pass  to  the 
back  of  the  thumb  and  reach 
the  inter-phalangeal  articula- 
tion. One  supplies  the  radial 
side  of  the  index  finger  as  far 
as  the  second  phalanx.  The 
remaining  tv/o  branches  divide 
at  the  clefts  between  the  second 
and  third,  and  third  and  fourth 
fingers  respectively,  and  in- 
nervate the  adjacent  sides  of 
these  fingers  as  far  as  the  second 
phalanx.  The  rest  of  the  skin 
of  these  digits  to  the  tips  is 
supplied  by  digital  branches 
of  the  median  nerve.  The 
nerve  may  only  supply  one 
and  a  half  fingers,  being  re- 
placed by  branches  from  the 
ulnar  nerve. 

Posterior  Interosseous 
Nerve. 

The  posterior  inter- 
osseous nerve  (r.  profundus, 
n.  interosseus  antibrachii 
dorsalis)  is  entirely  muscular 
and  articular  in  its  distribution,  and  it  arises  like  the  radial  beneath  the 
brachio  -  radialis    muscle.     Directed   obliquely   downwards   and    backwards,  it 
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Fig.  501. — The  Muscles  of  the  Back  of  the  Forearm 
(the  superficial  muscles  have  been  reflected). 
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reaches  the  back  of  the  forearm,  alter  passing  round  the  outer  side  of  the 
radius,  by  piercing  the  fibres  of  the  supinator  radii  brevis  muscle  (Fig.  501). 
On  the  back  of  the  forearm  it  is  placed  in  the  upper  part  of  its  course  beneath  the 
superficial  extensor  muscles,  and  upon  the  supinator  radii  brevis  and  extensor  ossis 
metacarpi  pollicis,  along  with  the  posterior  interosseous  artery.  In  the  lower  half 
of  the  forearm  it  pisses  beneath  the  extensor  longus  pollicis,  and  lies  upon  the 
interosseous  membrane.  At  the  wrist  it  passes  beneath  the  extensor  tendons  on  to 
the  back  of  the  carpus,  where  it  terminates  in  a  gangliform  enlargement  of  small 
size,  from  which  branches  pass  to  the  inter-carpal  articulations.  The  posterior  inter- 
osseous nerve  supplies  the  following  branches  : — 

(1)  Terminal  articular  branches  to  the  carpal  joints. 

(2)  Muscular  branches,  in  its  course  through  the  forearm.  Thus  on  the  outer 
side  of  the  radius  it  supplies  the  extensor  carpi  radialis  brevior  and  the  supinator 
brevis  muscle  before  it  enters  the  fibres  of  the  last-named  muscle.  After  emerging 
from  the  supinator  brevis  it  supplies  a  large  bundle  of  nerves  which  enter  the 
extensor  communis  digitorum,  extensor  minimi  digiti,  and  extensor  carpi  ulnaris 
near  their  origins.  Lower  down  the  forearm  the  nerve  gives  off  branches  to  the 
extensor  ossis  metacarpi  pollicis,  extensor  longus  and  extensor  brevis  pollicis,  and 
extensor  indicis. 


There  are  three  subscapular  nerves  (nn.  subscapulares)  (Eigs.  494  and  496). 

The  first  or  short  subscapular  nerve  is  gener^dly  double,  and  tliere  may  be 
three  trunks  present.  It  arises  from  the  posterior  cord  of  the  plexus  behind  the 
circumflex  nerve,  and  comes  from  the  fifth  and  sixth  cervical  nerves.  It  passes 
downwards  behind  the  axillary  ariery  and  enters  the  subscapularis  muscle. 

The  second  or  lower  subscapular  nerve  also  arises  behind  the  circumflex 
from  the  posterior  cord  of  the  plexus,  and  from  the  fifth  and  sixth  cervical  nerves. 
Its  origin  is  below  and  external  to  that  of  the  first  nerve.  It  courses  outwards  and 
downwards  behind  the  axillary  artery,  and  the  circumflex  and  musculo-spiral 
nerves  to  the  teres  major  muscle.  It  supplies  Ijranches  to  the  outer  part  of  the 
subscapularis  muscle  and  ends  in  the  teres  major. 

The  third  or  long  subscapular  nerve  (n.  thoraco-dorsalis)  arises  from  the  back 
of  the  posterior  cord  of  the  plexus,  behind  the  musculo-spiral  nerve,  and  from  the 
sixth,  seventh,  and  eighth  cervical  nerves,  or  from  the  seventh  and  eighth  nerves 
only.  It  is  directed  downwards  and  outwards  betw^een  the  two  previous  nerves, 
behind  the  axillary  artery  and  over  the  posterior  wall  of  the  axilla,  in  company 
with  the  subscapular  artery,  to  the  latissimus  dorsi  muscle,  which  it  supplies  on  its 
anterior  (inner)  surface. 


The  thoracic  nerves  are  twelve  in  number,  each  nerve  emerging  below  the 
corresponding  vertebra  and  rib.  Eleven  of  the  series  are  intercostal,  the  twelfth 
lying  below  the  last  rib.  The  first,  second,  third,  and  twelfth  nerves  present 
peculiarities  in  their  course  and  distribution.  The  other  thoracic  nerves,  as  already 
stated,  are  simple,  and  may  be  regarded  as  types  both  in  course  and  distribution. 

The  first  thoracic  nerve  is  the  largest  of  the  series.  It  emerges  from  the 
spinal  canal  below  the  neck  of  the  first  rib,  and  divides  in  the  first  intercostal 
space  into  two  very  unequal,  upper  and  lower,  parts.  The  ^qjj^er  larger  part  ascends 
obliquely  over  the  neck  of  the  first  rib,  lying  external  to  the  superior  intercostal 
artery,  and  enters  the  neck  behind  the  subclavian  artery  and  the  pleura.  It  pro- 
ceeds outwards  upon  the  scalenus  medius  muscle  and  enters  into  the  formation  of 
the  brachial  plexus,  as  already  described. 

The  loiuer,  intercostal  part  of  the  nerve  is  much  smaller  in  size.  It  courses 
forwards  in  the  first  intercostal  space  and  supplies  the  intercostal  muscles.  It 
usually  gives  off  no  anterior  branch  to  the  skin  of  the  chest  and  no  lateral 
cutaneous  branch. 


Subscapular  Nerves. 
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In  some  cases  a  lateral  cutaneous  brancli  emerges  from  the  side  of  the  first  intercostal  space. 
This  may  be  derived  from  the  first  nerve,  or  it  may  be  the  intercosto-humeral  nerve,  derived 
from  the  second  thoracic  nerve.  In  many  cases  an  anterior  cutaneous  branch  perforates  the  first 
intercostal  space  and  supplies  the  skin  on  the  front  of  the  chest.  This  branch,  similarly,  is  some- 
times traceable  to  the  second  thoracic  nerve. 


Communications. — Besides  its  junction  with  the  eighth  cervical  to  form  the 
brachial  plexus,  the  first  thoracic  nerve  effects  the  following  communications  : — (a)  The 
last  cervical  or  first  thoracic  ganglion  of  the  sympathetic  sends  a  gray  ramus  communi- 
cans  to  join  the  nerve  on  its  appearance  in  the  thorax,  (b)  The  second  thoracic  nerve  in 
a  majority  of  cases  communicates  with  the  first.  This  communication  varies  considerably 
in  size  and  distribution.  It  may  reinforce  the  intercostal  branch  of  the  nerve,  it  may 
send  one  branch  to  the  intercostal  portion  and  another  to  the  part  of  the  nerve  joining  the 
brachial  plexus,  or  it  may  consist  of  a  nerve  proceeding  solely  to  join  the  brachial  plexus  by 
a  junction  in  the  first  intercostal  space  with  the  part  of  the  first  thoracic  nerve,  which  is 
engaged  in  forming  the  plexus,  (c)  It  is  possible  that  the  first  tvhite  ramus  communicans 
in  the  thoracic  region  connects  the  first  thoracic  nerve  with  the  gangliated  cord  of  the 
sympathetic,  but  this  is  not  known  with  certainty. 


The  second  thoracic  nerve  is  of  large  size,  though  much  smaller  than  the 
first.  It  passes  forwards  in  the  second  intercostal  space,  lying  at  first  in  the  sub- 
costal groove  between  the  external  and  internal  intercostal  muscles.  At  the  level 
of  the  mid-axillary  line  it  gives  off  a  large  lateral  branch ;  continuing  its  course 
it  pierces  the  internal  intercostal  muscle  and  lies  upon  the  pleura ;  finally,  at  the 
lateral  border  of  the  sternum,  it  passes  forwards  in  front  of  the  internal  mammary 
artery  and  through  the  internal  intercostal  muscle,  and  the  aponeurosis  of  the 
external  intercostal  muscle,  and  ends  by  supplying  the  skin  of  the  front  of  the 
chest  over  the  second  intercostal  space. 

The  nerve  supplies  the  following  branches : — 


B/fANCM 


'ANTFRIOR 
J3R/1//CH 


mT/CR/OR 


1.  Muscular  branches  to  the  muscles 
of  the  second  intercostal  space. 

2.  Cutaneous  branches.  («)  Anterior 
terminal  branches  (rr.  cutaneus  anterior)  to 
the  skin  over  the  second  intercostal  space 
(Fig.  503).  (5)  A  large  lateral  cutaneous 
branch,  tlie  intercosto-humeral  nerve  (n. 
intercosto-brachialis)  (Fig.  494,  p.  623). 
This  nerve  pierces  the  intercostal  muscles 
and  the  serratus  magnus,  and,  crossing  the 
axilla,  extends  to  the  arm.  It  pierces  the 
deep  fascia  just  beyond  the  posterior  fold  of 
the  axilla,  and  can  be  traced  down  the  arm 
as  far  as  the  interval  between  the  internal 
condyle  of  the  humerus  and  the  olecranon 
process.  It  supplies  an  area  of  skin  stretch- 
ing across  the  armpit  and  along  the  posterior 
surface  of  the  arm  on  the  inner  side  as  far 
as  the  elbow  (Fig.  497,  p.  628). 

The  intercosto-humeral  nerve  varies  in  size. 
It  may  pierce  the  first  intercostal  space,  and  it  is 
often  divisible  into  anterior  and  posterior 
branches,  like  the  lateral  branch  of  an  ordinary 
intercostal  nerve. 


Fig.  502. 


-Scheme  of  the  Distribution  of  a 
Typical  Spikal  Nerve. 


Communications.  —  (1)  The  intercosto- 
humeral  nerve  communicates  with  two 
adjacent  nerves.  Either  before  or  after 
piercing  the  fascia  of  the  axilla  it  is  joined  by 
the  lesser  internal  cutaneous  nerve  of  the  brachial  plexus.  It  also  communicates  with  the 
posterior  part  of  the  lateral  branch  of  the  third  intercostal  nerve  by  means  of  the  branches 
distributed  to  the  floor  and  boundaries  of  the  axilla.  It  may  supply  the  axillary  arches, 
when  present.    (2)  Besides  the  branches  referred  to,  the  second  thoracic  nerve  in  many 
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cases  transmits  a  nerve  to 
the  brachial  plexus,  which 
becomes  incorporated 
with  the  first  thoracic 
nerve  after  passing  over 
the  neck  of  the  second  rib. 
This  branch  is  inconstant. 
As  already  mentioned,  it 
may  join  only  the  inter- 
costal part  of  the  first 
thoracic  nerve,  it  may  join 
the  brachial  plexus  only, 
or  it  may  send  branches 
to  both  parts  of  the  first 
thoracic  nerve.  (3)  Be- 
sides the  communications 
effected  by  branches  of  the 
second  thoracic  nerve  in 
its  course,  it  also  receives 
a  gray  ram  us  communicans 
from  the  second  thoracic 
ganglion  of  the  sym- 
pathetic cord  in  the 
thorax.  It  probably  also 
sends  to  the  sympathetic 
the  first  vjhite  ramus  com  - 
7mmicans,  though  this  is 
not  known  with  certainty. 

The  third  thoracic 
nerve  only  differs  from 
a  typical  thoracic  nerve 
in  one  respect.  Its 
lateral  branch  divides 
in  the  usual  way  into 
anterior  and  posterior 
parts,  of  which  the  latter 
is  carried  to  the  arm  and 
supplies  an  area  of  skin 
on  the  posterior  half  of 
the  inner  side  near  the 
root  of  the  limb.  It 
effects  a  junction  with 
the  intercosto-humeral 
nerve  (Fig.  494,  p.  623). 

The  fourth,  fifth, 
and  sixth  thoracic 
nerves  have  a  course 
and  distribution  which 
is  simple  and  typical. 
Except  for  the  peculi- 
arities above  mentioned, 
the  second  and  third 
thoracic  nerves  have  a 
similar  distribution. 

The  nerves  appear 
on  the  posterior  wall  of 
the  thorax,  in  the  sub- 
costal groove  of  the  cor- 
responding rib.  They 
extend  forwards  be- 
tween the  intercostal 


Fig. 


)03. — The  Distribution  op  Cutaneous  Nerves  on  the  Front  of 
THE  Trunk. 


On  one  side  the  distribution  of  the  several  nerves  is  represented,  the  letters 
indicating  their  nomenclature. 

G.A,  Great  auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  S.Cl,  Supra- 
clavicular nerves  ;  AcR,  Acromial ;  Cl,  Clavicular  ;  St,  Sternal  ;  T.2-12, 
Lateral  and  anterior  branches  of  thoracic  nerves  ;  I.H,  Ilio-hypogastric 
nerve  ;  I.I,  Ilio-inguinal  nerve  ;  CiRC,  Cutaneous  branch  of  circumflex 
nerve  ;  L.I.C,  Lesser  internal  cutaneous  nerve  ;  I.H,  Intercosto-humeral  ; 
I.C,  Internal  cutaneous  ;  M.S,  Cutaneous  branch  of  musculo-spiral  nerve, 
E.C,  External  cutaneous  nerves  ;  G.C,  Genito-crural  nerve  ;  M.C^'-^,  Middle 
cutaneous  nerves  ;  I.C\  Branch  of  internal  cutaneous  nerve  ;  P,  Branches 
of  pudic  nerve  ;  S.Sc,  Branches  of  small  sciatic  nerve. 

On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by 
the  above  nerves,  the  numerals  indicating  the  spinal  origin  of  the  branches 
of  distribution  to  each  area. 
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muscles  as  far  as  the  middle  of  the  chest  wall,  lying  at  a  lower  level  than  the  inter- 
costal vessels.  At  the  side  of  the  chest  each  nerve  passes  obliquely  through  the  internal 
intercostal  muscle,  and  comes  to  lie  upon  the  pleura,  triangularis  sterni  muscle, 
and  internal  mammary  artery.  Thereafter,  piercing  the  fibres  of  the  internal 
intercostal  muscle  and  the  aponeurosis  of  the  external  intercostal  muscle,  each 
nerve  ends  by  supplying  the  skin  of  the  front  of  the  chest,  over  an  area  correspond- 
ing to  the  inner  or  anterior  part  of  the  intercostal  space  to  which  it  belongs. 

Branches. — Each  intercostal  nerve  supplies,  in  addition  to  the  anterior  terminal 
cutaneous  branches,  muscular  hranclies  to  the  intercostal  muscles  and  a  lateral 
trunk  (r.  cutaneus,  lateralis),  which,  piercing  the  intercostal  muscles  and  the 
serratus  magnus,  divides  into  anterior  and  posterior  branches  for  the  innervation 
of  the  skin  over  the  side  of  the  chest.  Each  area  of  skin  thus  innervated  is 
continuous  anteriorly  with  the  area  innervated  by  the  anterior  terminal  branches 
of  the  same  nerves,  and  posteriorly  with  the  areas  supplied  by  their  posterior 
primary  divisions. 

The  upper  six  intercostal  nerves  supply  the  muscles  of  the  first  six  intercostal 
spaces  and  the  triangularis  sterni  (3,  4,  5,  6).  The  second,  third,  fourth,  fifth,  and 
sixth  nerves  supply  the  skin  of  the  front  of  the  chest :  the  second,  opposite  the 
manubrio-sternal  joint;  the  sixth,  opposite  the  base  of  the  xiphoid  cartilage.  Their 
lateral  branches  supply  branches  to  the  intercostal  muscles  and  the  skin  of  the  side 
of  the  chest,  the  second  (intercosto-humeral)  and  the  third  in  part  being  drawn  out 
on  to  the  arm.    The  fourth  supplies  the  nipple  (Fig.  503). 

Communications. — Each  of  these  intercostal  nerves  communicates  with  the  sympathetic 
cord  and  gangha  by  two  branches — a  ivhite  ramus  communicans  to  the  corresponding  sym- 
pathetic ganglion  or  the  adjacent  part  of  the  sympathetic  cord  ;  and  a  gray  ramus  com- 
luunicans,  which  passes  to  each  nerve  from  the  corresponding  ganglion. 

The  seventh,  eighth,  ninth,  tenth,  and  eleventh  thoracic  nerves  only  differ 
from  the  preceding  nerves  in  regard  to  a  part  of  their  course  and  distribution.  Each 
has  the  same  course  and  communications  as  the  preceding  nerves  in  the  thoracic  wall. 
In  addition,  these  nerves  have  a  further  course  and  distribution  in  the  abdominal 
wall.  Each  nerve  traverses  its  intercostal  space  in  the  way  described.  At  the 
anterior  end  of  the  space,  the  nerve  pierces  the  attachment  of  the  diaphragm  and 
the  transveralis  abdominis  muscles  to  the  costal  cartilages,  and  courses  forwards  in 
the  abdominal  wall  between  the  transversalis  and  obliquus  internus  muscles.  The 
nerve  then  passes  between  the  rectus  muscle  and  the  posterior  layer  of  its  sheath, 
and  eventually  reaches  the  anterior  abdominal  wall  and  becomes  cutaneous  by 
piercing  the  rectus  itself  and  the  anterior  layer  of  its  sheath. 

Muscular  Branches. — The  lower  intercostal  nerves  supply  the  intercostal 
muscles  of  the  spaces  in  which  they  lie ;  and  in  the  abdominal  wall  they  innervate 
the  transversalis,  obliqui,  and  rectus  abdominis.  The  branches  arise  from  the 
main  trunk  as  well  as  from  its  lateral  and  anterior  branches.  (The  ninth,  tenth, 
and  eleventh  nerves  are  described  as  assisting  in  the  innervation  of  the  diaphragm 
by  communications  with  the  plirenic  nerve.) 

Cutaneous  Branches. — These  are  lateral  and  anterior.  The  lateral  branches 
divide  into  anterior  and  posterior  parts,  and,  becoming  superficial  along  the  line  of 
inter-digitation  of  the  obliquus  externus  muscle  with  the  serratus  magnus  and 
latissimus  dorsi,  they  are  directed  more  obliquely  downwards  than  the  lateral 
branches  of  the  higher  intercostal  nerves,  and  are  distributed  to  the  skin  of  the 
loin  as  low  down  as  the  buttock.  The  lateral  branch  of  the  eleventh  nerve  can  be 
traced  over  the  iliac  crest  (Fig.  503). 

The  anterior  branches  are  smalL  That  of  the  seventh  nerve  innervates  the  skin 
at  the  level  of  the  ensiform  cartilage.  The  eighth  and  ninth  appear  between  the 
ensiform  cartilage  and  the  umbilicus;  the  tenth  nerve  supplies  the  region  of  the 
umbilicus ;  and  the  eleventh,  the  area  immediately  below  the  umbilicus. 

The  cutaneous  branches  of  these  nerves,  including  the  posterior  primary  divisions,  thus  supply 
continuous  belts  of  skin,  which  can  be  mapped  out  on  the  body  from  the  vertebral  cohimn 
behind  to  the  middle  hne  in  front.  These  areas  are  not  placed  horizontally,  but  tend  to  be 
rdrawn  downwards  as  the  series  is  followed  from  the  upper  to  the  lower  nerves. 

The  twelfth  thoracic  nerve  is  peculiar  in  its  course  and  distribution.  It 


THE  LUMBO-SACEAL  PLEXUS. 


639 


emerges  below  the  last  rib  (Fig.  504),  and  passes  outwards  and  downwards  in  the 
posterior  abdominal  wall  under  cover  of  the  psoas  muscle,  and  between  the  external 
arcuate  ligament  and  the  quadratus  lumboriim  muscle ;  it  pierces  the  transversalis 
muscle,  and  courses  forwards  in  the  interval  between  it  and  the  obliquus  internus 
as  far  as  the  sheath  of  the  rectus  muscle.  After  piercing  the  posterior  layer  of  the 
sheath,  the  rectus  muscle,  and  the  anterior  layer  of  the  sheath,  it  terminates  by 
supplying  the  skin  of  the  anterior  abdominal  wall  midway  between  the  umbilicus 
and  the  pubis.  The  branches  of  the  nerve  are  muscular,  to  the  transversalis, 
obliqui,  rectus,  and  pyramidalis  muscles  of  the  abdominal  wall,  and  cutaneous 
branches,  two  in  number — an  anterior  terminal  'branch,  which  supplies  the  skin  of 
the  anterior  abdominal  wall  midway  between  the  umbilicus  and  the  pubis,  and  a 
large  lateral  cutaneous  (iliac)  branch,  which,  passing  obliquely  downwards  through 
the  lateral  muscles  of  the  abdominal  wall,  becomes  superficial  above  the  iliac  crest, 
a  couple  of  inches  behind  the  anterior  superior  spine.  It  supplies  the  skin  of  the 
buttock  as  far  down  as  a  point  below  and  in  front  of  the  great  trochanter  of  the 
femur  (Fig.  507,  p.  645). 

The  twelfth  thoracic  nerve,  in  many  cases,  receives  a  communicating  branch  from  the  eleventh, 
near  its  origin,  and  still  more  frequently  sends  a  fine  branch  to  join  the  origin  of  the  first 
lumbar  nerve  in  the  psoas  muscle.  It  may  communicate  also  with  the  ilio-hypogastric  nerve,  as 
they  lie  together  in  the  abdominal  wall. 

THE  LUMBO-SACKAL  PLEXUS. 

The  lumbo-sacral  plexus  is  formed  by  the  union  of  the  anterior  primary  divisions 
of  the  remaining  spinal  nerves  —  five  lumbar,  five  sacral,  and  one  coccygeal. 
Frequently,  a  fine  communicating  branch  of  the  twelfth  thoracic  nerve  joins  the 
first  lumbar  nerve  near  its  origin. 

Of  the  nerves  in  question  the  first  sacral  is  generally  the  largest  in  size,  the 
nerves  diminishing  gradually  above  and  rapidly  below  the  hrst  sacrah  The  plexus, 
for  the  most  part,  forms  the  nerves  destined  for  the  supply  of  the  lower  limb.  In 
addition,  however,  nerves  arise  at  its  upper  limit  which  are  distributed  to  the  trunk 
above  the  level  of  the  limb,  and  at  the  lower  end  of  the  plexus  nerves  arise  for  the 
supply  of  the  perineum. 

Partly  for  convenience  of  description,  and  partly  on  account  of  the  differences 
in  position  and  course  of  some  of  the  nerves  emanating  from  it,  the  plexus  is  sub- 
divided into  three  subordinate  parts — -lumbar,  sacral  or  sciatic,  and  pudendal 
plexuses.    There  is,  however,  no  strict  line  of  demarcation  between  the  three  parts. 

The  lumbar  plexus  is  formed  by  the  first  four  lumbar  nerves,  and  is  often 
joined  by  a  branch  from  the  twelfth  thoracic  nerve  as  well.  It  is  limited  below  by 
the  fourth  lumbar  nerve  (n.  furcalis),  which  also  enters  into  the  composition  of  the 
sciatic  or  sacral  plexus.  The  nerves  of  the  lumbar  plexus  are  formed  in  the  loin, 
and  supply  that  region  as  well  as  part  of  the  lower  limb.  They  are  separated  from 
the  nerves  of  the  sacral  portion  of  the  plexus  by  the  articulation  of  the  innominate 
bone  with  the  sacrum. 

The  sacral  or  sciatic  plexus  is  formed  by  the  fourth  and  fifth  lumbar,  and  the 
first  two  or  three  sacral  nerves.  It  is  generally  limited  below  by  the  third  sacral 
nerve  (n.  bigeminus),  which  also  assists  in  forming  the  pudendal  plexus.  The  nerves 
of  the  sacral  plexus  are  placed  on  the  posterior  wall  of  the  pelvis,  and  are  destined 
almost  entirely  for  the  lower  limb. 

The  pudendal  plexus  is  formed  by  the  second,  third,  fourth,  and  fifth  sacral 
nerves,  and  the  minute  coccygeal  nerve.  It  is  placed  on  the  back  wall  of  the  pelvis 
and  supplies  branches  mainly  to  the  perineum. 

Communications  with  the  Sympathetic. — Each  of  these  nerves  has  communica- 
tions with  the  gangliated  cord  of  the  sympathetic  in  the  abdomen  and  pelvis. 

Gray  Rami  Communicantes. — From  the  lumbar  and  sacral  gangha  long  slender  gray 
rami  cormmmicmites  are  directed  backwards  and  outwards  over  the  bodies  of  the  vertebrge, 
and  (in  the  lumbar  region)  beneath  the  origins  of  the  psoas  muscle,  to  reach  the  anterior 
primary  divisions  of  the  nerves.  These  branches  are  irregular  in  their  arrangement.  A 
given  nerve  may  receive  branches  from  two  ganglia,  or  one  ganglion  may  send  branches 
to  two  nerves.  The  rami  are  longer  in  the  loin  than  in  the  pelvis,  owing  to  the  projection 
of  the  lumbar  portion  of  the  vertebral  column. 
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White  Rami  Communicantes. — Certain  lumbar  and  sacral  nerves  are  also  connected 
with  the  abdominal  and  pelvic  sympathethic  by  means  of  tvhite  rami  co^nmimiccmtes.  From 
the  first  two,  and  possibly  also  the  third  and  fourth  lumbar  nerves,  white  rami  communi- 


FiG.  504. — Nerves  of  the  Lumbo-Sacral  Plexus. 

Sy,  Sympathetic  cord  ;  T,12,  L.l,  2,  3,  4,  5,  S.l,  2,  3,  4,  5,  Co,  Anterior  primary  divisions  of  the  last  thoracic, 
the  lumbar,  sacral,  and  coccygeal  nerves  ;  Q,  Nerves  to  qiiadratus  Inmborum  ;  Ps,  Nerves  to  psoas 
nmscle  ;  G.C,  Genito-crural  nerve  ;  II,  Iliac  branches  of  last  thoracic  and  ilio-hypogastric  nerves  ;  Hy, 
Hypogastric  branch  of  Ilio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  E.C,  External  cutaneous  nerve  ; 
A.C,  Anterior  crural  nerve;  Obt,  Obturator  nerve;  Py,  Nerves  to  pyriformis  muscle;  O.I,  Nerve  to 
obturator  internus  ;  Q.F,  Nerve  to  quadratus  femoris  muscle  ;  Art,  Articular  branch  ;  S.G,  Superior 
gluteal  nerve  ;  I.G,  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi.2,  Nerve  to  short  head  of  biceps 
muscle  ;  T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  the  hamstring  muscles  ;  Bi.l,  Nerves 
to  biceps  (long  head),  and  St.l,  to  semitendinosus  ;  St.2,  Semitendinosus  ;  Sm,  Semimembranosus  ; 
A.m,  Adductor  magnus  ;  S.Sc,  Small  sciatic  nerve  ;  Pert,  Perforating  cutaneous  nerve  ;  Pud,  Pudic  nerve  ; 
M.  Muscular  branches  ;  Per,  Perineal  branch  of  fourth  sacral  ;  A.Co,  Anterior  sacro-coccygeal  nerve. 
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cantes  are  directed  forwards,  either  independently  or  incorporated  with  the  corresponding 
gray  rami,  to  join  the  upper  part  of  the  lumbar  gangliated  cord.  The  fifth  lumbar  nerve 
and  the  first  sacral  nerves  are  unprovided  with  white  rami  communicantes.  From  the 
third,  and  usually  also  the  second  or  fourth  sacral  nerves,  white  rami  (visceral  branches) 
pass  inwards,  and,  crossing  over  (without  joining)  the  gangliated  cord,  enter  the  pelvic 
plexus  of  the  sympathetic.  The  fifth  sacral  and  coccygeal  nerves  possess  no  white  rami 
communicantes. 

THE  LUMBAR  PLEXUS. 
The  lumbar  plexus  is  formed  by  the  anterior  primary  divisions  of  the  first  three 

Vena  caval  opening   OEsophageal  opening   Central  tendon  (middle  part) 

^Diaphragm  (right  crus) 

Middle  arcuate  ligament 
Aortic  opening 
Central  tendon 
(left  part) 
Diaphragm  (left 

 ,       ^  ,^  ,  crus) 

Central  tendon  (right  pai  t) 
Diaphragm  (costal  fibres) 
Internal  arcuate  ligament 

External  arcuate  1 
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Last  thoracic  ner\  v. 
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\  Obturator  nerve 

Adductor  longus  (origin) 
Adductor  brevis  (origin) 
Gracilis  (origin) 
Adductor  magnus  (origin) 
Pectineus  (cut) 
I     I  Superficial  branch  of  obturator  nerve 
I    Deep  branch  of  obturator  nerve 
Obturator  externus 

505. — View  of  the  Posterior  Abdominal  Wall,  to  show  the  Muscles  and  the  Nerves  of 
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and  a  part  of  the  fourth  lumbar  nerves,  with  the  addition,  in  some  cases,  of  a  small 
branch  from  the  twelfth  thoracic  nerve.  The  nerves  increase  in  size  from  above 
downwards  (Fig.  505). 

Position  and  Constitution. — The  plexus  is  placed  deeply  in  the  substance  of 
the  psoas  muscle,  in  front  of  the  transverse  processes  of  the  lumbar  vertebrae.  The 
45 
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nerves,  on  emerging  from  the  intervertebral  foramina,  are  connected  as  above 
described  with  the  sympathetic  system,  and  then  divide  in  the  following  manner  in 
the  substance  of  the  psoas  muscle.  The  first  and  second  nerves  divide  into  upper 
and  lower  branches.  The  upper  branch  of  the  first  nerve  (which  may  be  joined  by 
the  branch  from  the  twelfth  thoracic  nerve)  forms  two  nerves,  ilio-hypogastric  and 
ilio-inguinal.  The  lower  branch  of  the  first  joins  the  upper  branch  of  the  second 
nerve,  to  produce  the  genito-criiral  nerve.  The  lower  branch  of  the  second  nerve, 
the  whole  of  the  third,  and  that  part  of  the  fourth  nerve  engaged  in  the  con- 
stitution of  the  plexus  divide  each  into  two  unequal  parts — smaller  anterior  and 
larger  'posterior  parts.  The  smaller  anterior  portions  combine  together  to  form 
the  obturator  nerve,  which  is  thus  formed  by  the  second,  third,  and  fourth  lumbar 
nerves.  The  root  from  the  second  nerve  is  not  always  present.  The  larger 
posterior  portions  of  the  same  nerves  combine  together  to  form  the  anterior 
crural  nerve.  From  the  back  of  the  posterior  parts  of  the  second  and  third 
nerves,  the  external  cutaneous  nerve  arises.  The  nerves  also  provide,  near  their 
origins,  irregular  muscular  branches,  for  the  psoas  and  quadratus  lumborum 
muscles.  The  following  is  a  list  of  the  nerves  which  spring  from  the  lumbar 
plexus  (Figs.  504  and  505) : — 

^      (1)  Muscular  branches  to  the  quadratus  (4)  Genito-crural.  (Lc^ 


Muscular  Branches. — The  nerves  to  the  quadratus  lumborum  muscle  arise 
independently  from  the  first  three  or  four  lumbar  nerves  (and  sometimes  also  from 
the  twelfth  thoracic  nerve).  The  nerves  to  the  psoas  muscles  arise  from  the  second 
and  third  lumbar  nerves,  with  additions,  in  some  cases,  from  the  first  or  fourth. 
They  are  often  associated  in  their  origin  with  the  nerve  to  the  iliacus  from  the 
anterior  crural.  The  psoas  minor,  when  present,  is  innervated  by  the  first  or 
second  lumbar  nerve. 

The  ilio-hypogastric  and  ilio-inguinal  nerves  closely  resemble  in  their  course 
and  distribution  the  lower  thoracic  nerves,  with  which  they  are  in  series. 

The  ilio-hypogastric  nerve  (n.  ilio-hypogastricus)  is  the  highest  branch  of 
the  first  lumbar  nerve.  It  receives  fibres  also  from  the  twelfth  thoracic,  when  that 
nerve  communicates  with  the  first  lumbar  nerve.  After  traversing  tlie  psoas  muscle 
obliquely,  it  appears  at  its  outer  border  on  the  surface  of  the  quadratus  lumborum 
and  behind  the  kidney.  It  courses  through  the  loin,  lying  between  the  transversalis 
and  obliquus  internus  muscles,  above  the  crest  of  the  ilium.  About  an  inch  in  front  of 
the  anterior  superior  spine  it  pierces  the  obliquus  internus,  and  continues  its  course 
^  -4Ji-fefe«--^rcrm  beneath  the  aponeurosis  of  the  obliquus  externus.  It  finally  becomes 
cutaneous  in  the  anterior  abdominal  wall,  by  piercing  the  aponeurosis  of  the  obliquus 
externus  about  an  inch  and  a  half  above  the  external  abdominal  ring  (Fig.  507  p.  645). 

Its  branches  are — (1)  muscular  to  the  muscles  of  the  abdominal  wall ;  and  (2) 
cutaneoics  hraiiclies,  two  in  number.  The  iliac  branch  corresponds  with  the  lateral 
branch  of  an  intercostal  nerve,  and,  after  piercing  the  obliquus  internus  and 
obliquus  externus,  becomes  cutaneous  just. above  the  iliac  crest,  below  and  behind 
the  iliac  branch  of  the  last  thoracic  nerve.  It  is  small,  and  may  be  absent.  It  is 
distributed  to  the  skin  over  the  upper  part  of  the  outer  side  of  the  buttock,  in  con- 
tinuity with  the  cutaneous  branch  of  the  posterior  primary  division  of  the  first 
lumbar  nerve.  The  hypogastric  branch  is  the  anterior  terminal  branch  of  the  nerve. 
It  supplies  the  skin  of  the  anterior  abdominal  wall  below  the  level  of  the  last 
thoracic  nerve  and  above  the  pubis. 

The  ilio-inguinal  nerve  (n.  ilio-inguinalis)  is  the  second  branch  given  off 
from  the  first  lumbar  nerve.  It  also  may  receive  fibres  from  the  last  thoracic 
nerve.  Not  unfrequently  the  ilio-hypogastric  and  ilio-inguinal  nerves  are  repre- 
sented for  a  longer  or  shorter  part  of  their  course  by  a  single  trunk.  When  separate 
the  nerve  takes  a  course  similar  to  that  of  the  ilio-hypogastric  nerve,  but  at  a  lower 
level,  as  far  as  the  anterior  abdominal  wall.  It  then  pierces  the  obliquus  internus 
farther  forward  and  lower  down  than  the  iho-hypogastric ;  and  coursing  forwards 


(5)  External  cutaneous. 
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beneath  the  aponeurosis  of  the  obliquus  externus,  just  above  Poupart's  hgament,  it 
becomes  superficial  after  passing  through  the  external  abdominal  ring  and  external 
spermatic  fascia  (Fig.  507,  p.  645). 

Its  branches  are  muscular  to  the  muscles  of  the  abdominal  wall,  among  which  it 
passes,  and  cutaneous  Ijraiiclies,  which  innervate  the  skin  (1)  of  the  anterior  abdominal 
wall  over  the  symphysis  pubis,  (2)  of  the  thigh  over  the  upper  and  inner  part  of 
Scarpa's  triangle,  and  (3)  of  the  upper  part  of  the  scrotum,  and  root  and  dorsum  of 
the  penis  (of  the  mons  Veneris  and  labium  majus  in  the  female).  These  last-named 
branches  are  contiguous  to  branches  of  the  pudendal  and  pudic  nerves.  No  lateral 
cutaneous  branch  arises  from  the  ilio-inguinal  nerve.  It  thus  corresponds,  hke  the 
hypogastric  part  of  the  ilio-hypogastric  nerve,  to  the  anterior  trunk  of  a  typical 
thoracic  nerve. 

The  genito-crural  nerve  (n.  genito-femoralis)  usually  arises  by  two  independent 
roots  from  the  front  of  the  first  and  second  lumbar  nerves,  which  unite  in  the  substance 
of  the  psoas  to  form  a  slender  trunk.  It  appears  on  the  posterior  abdominal  wall, 
lying  on  the  psoas  magnus,  internal  to  the  psoas  parvus,  and,  piercing  the  psoas 
fascia,  it  extends  downwards  on  the  outer  side  of  the  common  and  external  iliac  vessels 
and  behind  the  ureter  to  Poupart's  ligament  (Fig.  505,  p.  641).  At  a  variable  point 
above  that  ligament  it  divides  into  genital  and  crural  branches.  The  genital  branch 
is  a  minute  nerve.  It  crosses  the  terminations  of  the  external  iliac  vessels,  and, 
along  with  the  vas  deferens  and  spermatic  vessels,  enters  the  inguinal  canal  through 
the  internal  abdominal  ring.  It  terminates  by  supplying  small  branches  to  the 
skin  of  the  scrotum  and  adjacent  part  of  the  thigh.  In  the  female  it  accompanies 
the  round  ligament  to  the  labium  majus.  This  nerve  gives  off  in  its  course  the 
following  small  branches :  (1)  to  the  external  iliac  artery ;  (2)  to  the  cremaster 
muscle ;  (3)  to  communicate  with  the  spermatic  plexus  of  the  sympathetic.  The 
crural  branch  continues  the  course  of  the  parent  nerve  into  the  thigh,  lying  on  the 
outer  side  of  the  femoral  artery.  It  becomes  cutaneous  by  passing  through  the 
saphenous  opening  or  the  iliac  portion  of  the  fascia  lata,  and  supplies  an  area  of 
skin  over  Scarpa's  triangle,  external  to  that  supplied  by  the  ilio-inguinal  nerve 
(Eig.  507,  p.  645).  Lt  communicates  in  the  thigh  with  the  middle  cutaneous 
branch  of  the  anterior  crural  nerve.  Before  piercing  the  deep  fascia  it  gives  a 
minute  branch  to  the  femoral  artery. 

The  external  cutaneous  nerve  (n.  cutaneus  femoris  lateralis)  is  only  distri- 
buted to  skin  (Fig.  505).  It  arises  from  the  back  of  the  lumbar  plexus,  and  usually 
from  the  second  and  third  lumbar  nerves.  Emerging  from  the  psoas  muscle  at  its 
outer  border,  the  nerve  crosses  the  iliacus  muscle,  beneath  the  fascia  iliaca,  to  reach 
the  anterior  superior  iliac  spine.  It  enters  the  thigh  beneath  the  outer  extremity 
of  Poupart's  ligament,  and  either  over,  under,  or  through  the  origin  of  the  sartorius 
muscle.  It  extends  down  the  outer  side  of  the  front  of  the  thigh  for  a  few  inches, 
lying  at  first  beneath  the  fascia  lata,  and  afterwards  in  a  tubular  investment  of  the 
fascia.  It  gives  oft'  small  branches  in  this  part  of  its  course,  and  finally,  piercing  the 
fascia  about  four  inches  below  the  anterior  superior  iliac  spine,it  separates  intoanterior 
and  posterior  terminal  branches.  The  anterior  branch  is  the  larger,  and  is  distributed 
on  the  outer  side  of  the  front  of  the  thigh  almost  to  the  knee.  The  smaller  posterior 
branch  supplies  the  skin  of  the  outer  side  of  the  buttock  below  the  great  trochanter 
and  of  the  upper  two-thirds  of  the  outer  side  of  the  thigh  (Fig.  507,  p.  645). 

Obturator  Nerve. 

The  obturator  nerve  (n.  obturatorius)  supplies  the  muscles  and  skin  on  the 
inner  side  of  the  thigh.  It  arises  in  the  substance  of  the  psoas  muscle  by  three 
roots  placed  in  front  of  those  of  the  anterior  crural  nerve,  and  derived  from  the 
second,  third,  and  fourth  lumbar  nerves  (Fig.  505,  p.  641).  Sometimes  the  root 
from  the  second  nerve  is  absent.  Passing  vertically  downwards,  the  nerve  emerges 
from  the  psoas  at  its  inner  border,  behind  the  common  iliac,  and  on  the  outer  side 
of  the  internal  iliac  vessels.  It  passes  forwards  below  the  pelvic  brim  in  company 
with  the  obturator  artery  to  the  obturator  groove  of  the  thyroid  foramen,  through 
which  it  reaches  the  thigh.  While  in  the  obturator  groove  it  separates  into  its 
two  main  branches,  named  superficial  and  deep  (Fig.  506,  p.  644). 
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The  superficial  branch  enters  the  thigh  in  front  of  the  obturator  externus  and 
adductor  brevis  muscles,  and  beneath  the  pectineus  and  adductor  longus.  In  the 
middle  third  of  the  thigh  it  is  found  coursing  along  the  inner  border  of  the  adductor 
longus,  anterior  to  the  gracilis ;  and  it  finally  divides  into  two  slender  terminal 
filaments,  of  which  one  enters  Hunter's  canal  and  ends  on  the  femoral  artery,  while 
the  other  supplies  the  skin  for  a  variable  distance  on  the  inner  side  of  the  thigh  and 
joins  in  the  obturator  (sub-sartorial)  plexus. 

The  branches  of  the  superficial  part  of  the  nerve  are  : — 

1.  An  articular  branch  to  the  hip- joint  which  arises  from  the  nerve  as  soon  as 
it  enters  the  thigh,  and  supplies  the  joint  through  the  acetabular  notch. 


Branch  to  femoral  artery  Gracilis 

Fig.  506. — Scheme  of  the  Course  and  Distribution  of  the  Obturator  Nerve. 


2.  Muscular  branches  to  the  adductor  longus,  gracilis,  adductor  brevis  (usually), 
pectineus  (occasionally).  The  last-named  muscle  is  not  usually  supplied  from  the 
obturator  nerve. 

3.  A  cutaneous  branch  of  very  variable  size  forms  one  of  the  terminal  branches 
(Fig.  507).  It  becomes  superficial  between  the  gracilis  and  adductor  longus,  in  the 
middle  third  of  the  thigh,  and  may  supply  the  skin  of  the  lower  two-thirds  of  the 
thigh  in  its  inner  side.  It  is  generally  of  small  size,  and  is  connected  with 
branches  of  the  internal  cutaneous  and  internal  saphenous  nerves  behind  the 
sartorius  muscle  to  form  the  obturator  (sub-sartorial)  plexus.  The  branch  from  the 
internal  saphenous  nerve  to  the  plexus  passes  inwards  behind  the  sartorius  after 
piercing  the  aponeurotic  covering  of  Hunter's  canal.  The  branch  from  the  internal 
cutaneous  nerve  is  generally  superficial  at  the  point  of  formation  of  the  plexus. 

4.  The  branch  to  the  femoral  artery  is  the  other  terminal  branch  of  the 
nerve.  It  enters  Hunter's  canal  along  the  inner  edge  of  the  adductor  longus,  and 
ramifies  over  the  lower  part  of  the  artery. 

5.  A  fine  communicating  branch  sometimes  joins  the  anterior  crural  nerve  in 
front  of  the  hip-joint. 

The  deep  part  of  the  obturator  nerve  reaches  the  thigh  by  piercing  the 
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obturator  extern  us  muscle, 
adductor  magnus  muscles 
through  the  adductor  magnus,  it  appears  in  the  popliteal 
space  on  the  popliteal  vessels,  and  terminates  by  piercing 
the  posterior  ligament  and  supplying  the  knee-joint. 

Its  branches  are : — (1)  muscular  branches  to  the 
obturator  externus,  adductor  magnus,  and  (when  the 
muscle  is  not  supplied  by  the  superficial  part  of  the 
nerve)  the  adductor  brevis.  The  branch  to  the  obturator 
externus  arises  before  the  nerve  enters  the  muscle,  in 
the  obturator  groove.  The  nerve  to  the  adductor 
magnus  is  given  off  as  the  obturator  nerve  passes 
through  the  substance  of  the  muscle.  (2)  An  articular 
terminal  branch  is  supplied  to  the  back  of  the  knee-joint. 

Anterior  Crural  Nerve. 

The  anterior  crural  nerve  (n.  femoralis)  is  the 
great  nerve  for  the  muscles  and  skin  of  the  front  of 
the  thigh.  It  arises  in  the  substance  of  the  psoas 
muscle,  from  the  back  of  the  second,  third,  and  fourth 
lumbar  nerves,  behind  the  obturator  nerve.  Passing 
obliquely  through  the  psoas  muscle,  it  emerges  from 
its  outer  border  in  the  false  pelvis  (Fig.  505,  p.  641). 
Passing  downwards  in  the  groove  between  the  psoas 
and  iliacus,  it  enters  the  thigh  beneath  Poupart's  liga- 
ment, external  to  the  femoral  sheath  and  femoral 
vessels.  In  Scarpa's  triangle  it  breaks  up  into  a  large 
number  of  branches,  among  which  the  external  cir- 
cumtlex  artery  passes. 

The  branches  of  the  anterior  crural  nerve,  which 
are  (1)  muscular,  (2)  articular,  and  (3)  cutaneous, 
arise  in  the  following  way : — 

In  the  abdomen  a  muscular  branch  arises  from 
the  outer  side  of  the  nerve  and  enters  the  iliacus 
muscle. 

In  Scarpa's  triangle  the  terminal  muscular, 
articular,  and  cutaneous  branches  arise  in  the  form 
of  a  large  bundle  of  nerves. 

1.  The  muscular  branches  supply  the  pectineus, 
sartorius,  and  quadriceps  extensor.  The  nerve  to  the 
pectineus  arises  close  to  Poupart's  ligament,  and 
coursing  obliquely  downwards  and  inwards  behind 
the  femoral  vessels  enters  the  muscle  at  its  outer 
border.  It  is  not  infrequently  double.  It  some- 
times gives  off  a  fine  communicating  branch  to  the 
superficial  part  of  the  obturator  nerve.  The  nerves 
to  the  sartorius  are  in  two  sets  :  an  outer  short  set  of 
nerves  associated  with  the  outer  part  of  the  middle 
cutaneous  nerve,  which  enter  the  upper  part  of  the 
muscle ;  and  an  inner  longer  set  which  are  associated 
with  the  inner  part  of  the  middle  cutaneous  nerve, 
and  supply  the  middle  of  the  muscle.  The  parts  of 
the  quadriceps  extensor  are  supplied  by  several 
branches.  The  vastus  externus  and  rectus  femoris 
are  supplied  on  their  deep  surface  by  separate  nerves 
which  are  accompanied  by  branches  of  the  external 
circumflex  artery.  The  crureus  muscle  is  supplied 
superficially  by  a  nerve  which  passes  through  the 
muscle,  and  innervates  also  the  subcrureus.  It  also 
45  & 


It  passes  downwards  between  the  adductor  brevis  and 
After  passing  obliquely 


Fig.  507.— Distribution  op  Cuta- 
neous Nerves  on  the  Front  of 
THE  Lower  Limb. 

On  the  one  side  the  distribution  of  the 
several  nerves  is  represented,  the 
letters  indicating  their  nomenclature. 

T.ll,  Branches  of  eleventh  thoracic 
nerve;  T.12,  Branches  of  twelfth 
thoracic  nerve  ;  l.H,  Ilio-hypogastric; 
LI,  Ilio-inguinal ;  E.C,  External  cuta- 
neous ;  G.C,  Genito-crural  ;  M.C\^, 
Middle  cutaneous  ;  I.  C^,'-^,  Internal 
cutaneous  ;  Obt,  Obturator  ;  S.Sc, 
Small  sciatic  ;  Pat.  Flex,  Patellar 
plexus ;  Pat.  Patellar  branch  of 
internal  saphenous;  E.P.S,  Sural 
branches  of  peroneal  nerve  ;  I.S, 
Internal  saphenous  ;  M.C,  Musculo- 
cutaneous ;  E.S,  External  saphenous; 
A.T,  Anterior  tibial. 
On  the  other  side  a  schematic  repre- 
sentation is  given  of  the  areas  sup- 
plied by  the  above  nerves,  the  figures 
indicating  the  spinal  origin  of  the 
branches  of  distribution  to  each  area. 

receives  fibres  from  one  of 
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the  nerves  to  the  vastus  interims.  The  vastus  internus  muscle  is  supplied  by  two 
nerves  :  an  upper  trunk,  which  supplies  the  higher  part  of  the  muscle,  and  sends  fibres 
to  the  crureus  as  well ;  and  a  lower  trunk,  w4iich  descends  on  the  outer  side  of  the 
femoral  artery  along  with  the  internal  saphenous  nerve,  and  passing  beneath  the 
sartorius,  over  or  under  the  aponeurotic  covering  of  Hunter's  canal,  enters  the  inner 
side  of  the  vastus  internus  muscle.  This  nerve  gives  off  a  small  branch  which  enters 
the  medullary  canal  of  the  femur. 

2.  The  articular  branches  supply  the  hip  and  knee-joints.  The  articular  branch  to 
the  hip-joint  arises  from  the  nerve  to  the  rectus  femoris,  and  is  accompanied  by 
branches  from  the  external  circumflex  artery.  The  articular  branches  to  the  knee- 
joint  are  four  in  number.  Three  of  them  arise  from  the  nerves  to  the  vastus  externus, 
crureus,  and  vastus  internus,  w^hich,  after  the  muscular  nerves  are  given  off,  are 
continued  downwards  to  the  knee-joint  along  the  front  of  the  femur.  A  fourth 
articular  branch  arises  (sometimes)  from  the  internal  saphenous  nerve. 

3.  The  cutaneous  branches  are  the  middle  and  internal  cutaneous,  and  the 
internal  saphenous  nerves  (Fig.  507). 

The  middle  cutaneous  nerve  arises  in  two  parts,  an  external  and  an  internal 
branch,  in  the  upper  part  of  Scarpa's  triangle.  The  two  branches  descend  vertically 
and  become  cutaneous  by  pierciug  the  fascia  lata  over  the  upper  third  of  the 
sartorius  muscle.  They  carry  muscular  branches  to  the  sartorius,  and  the  external 
branch  in  many  cases  pierces  the  muscle.  These  two  nerves  supply  the  skin  of 
the  lower  three-fourths  of  the  front  of  the  thigh,  between  the  external  cutaneous 
nerve  on  the  outer  side  and  the  internal  cutaneous  on  the  inner  side.  They 
reach  down  to  the  front  of  the  patella,  and  there  assist  in  the  formation  of  the 
patellar  plexus.  The  external  branch  communicates  in  the  upper  third  of  the 
thigh  with  twigs  from  the  crural  branch  of  the  genito-crural  nerve. 

The  internal  cutaneous  nerve  lies  at  first  in  Scarpa's  triangle  on  the  outer  side 
of  the  femoral  vessels.  At  the  apex  of  the  triangle  it  crosses  over  the  femoral  vessels, 
and  is  directed  downwards  over  or  through  the  sartorius  muscle,  and  beneath  the 
fascia  lata,  to  the  lower  third  of  the  thigh.  It  is  distributed  to  the  skin  of  the 
lower  two-thirds  of  the  thigh  on  the  inner  side  by  means  of  three  branches — upper, 
middle,  and  lower. 

The  upper  Iranch  may  be  represented  by  two  or  more  twigs.  It  arises  from  the 
main  nerve  near  its  origin,  and  pierces  the  fascia  lata  near  the  apex  of  Scarpa's 
triangle.  It  is  distributed  to  the  skin  of  the  upper  part  of  the  thigh,  along  the 
line  of  the  saphenous  vein.  The  middle  or  anterior  branch  is  a  larger  nerve.  It 
separates  from  the  lower  branch  at  the  apex  of  Scarpa's  triangle,  and  passing  over 
the  sartorius  muscle  becomes  cutaneous  in  the  middle  third  of  the  thigh  on  the 
inner  side.  It  supplies  the  skin  of  the  lower  half  of  the  thigh  on  the  inner  side, 
extending  as  low  as  the  knee,  where  it  joins  in  the  formation  of  the  patellar  plexus. 

The  lower  or  internal  branch  represents  the  termination  of  the  nerve.  It  passes 
down  the  inner  side  of  the  thigh  over  the  sartorius  muscle,  and  communicates  in 
the  middle  third  of  the  thigh  with  the  internal  saphenous  and  obturator  nerves  to 
form  the  obturator  plexus.  Piercing  the  fascia  lata  on  the  inner  side  of  the  thigh 
in  the  lower  third,  it  ramifies  over  the  inner  side  of  the  knee,  and  assists  in  the 
formation  of  the  patellar  plexus. 

The  size  of  the  internal  cutaneous  nerve  varies  with  the  size  of  the  cutaneous 
part  of  the  obturator,  and  of  the  internal  saphenous  nerve. 

The  long  or  internal  saphenous  nerve  (n.  saphenus)  may  be  regarded  as  the 
terminal  branch  of  the  anterior  crural  nerve.  It  is  destined  for  the  skin  of  the  leg 
and  foot.  From  its  origin  in  Scarpa's  triangle  it  descends  alongside  the  femoral 
vessels  to  Hunter's  canal.  In  the  canal  it  crosses  over  the  femoral  sheath  from 
without  inwards.  At  the  lower  end  of  the  canal,  accompanied  by  the  superficial 
branch  of  the  anastomotic  artery,  it  passes  over  the  tendon  of  the  adductor  magnus, 
and  opposite  the  inner  side  of  the  knee-joint  becomes  cutaneous  by  passing  between 
the  sartorius  and  gracilis  muscles.  The  nerve  then  extends  down  the  leg  along 
with  the  internal  saphenous  vein,  and  coursing  over  the  front  of  the  inner  ankle  it 
terminates  at  the  middle  of  the  inner  border  of  the  foot. 

Branches. — 1.  A  communicating  branch  arises  in  Hunter's  canal,  and  passing 
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inwards  beneath  the  sartorius  joins  with  branches  of  the  obturator  nerve  in  forming 
the  obturator  plexus. 

2.  The  patellar  branch  arises  at  the  lower  end  of  Hunter's  canal,  and  piercing  the 
sartorius  muscle  is  directed  downwards  and  forwards  below  the  patella,  and  over 
the  inner  tuberosity  of  the  tibia  to  the  front  of  the  knee  and  upper  part  of  the 
leg.    It  enters  into  the  formation  of  the  patellar  plexus. 

3.  An  articular  branch  sometimes  arises  from  the  nerve  at  the  inner  side  of  the  knee. 

4.  The  terminal  branches  of  the  internal  saphenous  nerve  are  distributed  to  the 
skin  of  the  front  and  inner  side  of  the  leg,  and  the  posterior  half  of  the  dorsum 
and  inner  side  of  the  foot. 

Patellar  plexus. — This  plexus  consists  of  fine  communications  beneath  the 
skin  in  front  of  the  knee,  between  the  branches  of  the  cutaneous  nerves  supplying 
that  region.  The  nerves  which  enter  into  its  formation  are  the  patellar  branch  of 
the  internal  saphenous,  internal  and  middle  cutaneous  nerves,  and  sometimes  the 
external  cutaneous  nerve. 

The  accessory  obturator  nerve  (n,  obturatorius  accessorins,  n.  accessorius  anterioris  criiralis 
Winslow)  is  only  occasionally  present  (29  j)er  cent,  Eisler).  It  arises  from  the  third,  or  third  and 
fourth  lumbar  nerves,  between  the  roots  of  the  obturator  and  anterior  crural  nerves.  Associating 
itself  with  the  obturator,  from  which,  however,  it  is  quite  separable,  it  appears  in  the  abdomen 
at  the  inner  side  of  the  psoas  muscle,  and  coursing  over  the  pelvic  brim  behind  the  external  iliac 
vessels,  it  leaves  the  obturator  nerve,  and  enters  the  thigh  in  front  of  the  pubis. 

In  the  thigh,  behind  the  femoral  vessels,  it  usually  ends  in  three  branches  :  a  nerve  which 
replaces  the  branch  from  the  anterior  crural  to  the  pectineus,  a  nerve  to  the  hip-joint,  and  a 
nerve  which  communicates  with  the  superficial  j^art  of  the  obturator  nerve.  In  some  cases  it 
only  sujDplies  the  nerve  to  the  pectineus ;  more  rarely  it  is  of  considerable  size,  and  reinforces  the 
obturator  nerve  in  the  innervation  of  the  adductor  muscles. 

The  accessory  obturator  nerve  was  first  described  by  Winslow  as  the  n.  accessorius  anterioris 
cruralis.  Schmidt  later  described  it  in  great  detail,  and  gave  it  the  name  it  now  bears.  It  is 
more  closely  associated  with  the  anterior  crural  than  with  the  obturator.  Its  origin  is  behind 
the  roots  of  the  obturator  :  it  is  separated,  like  the  anterior  crural,  from  the  obturator  by  the 
pubic  bone,  and, its  chief  branch,  to  the  pectineus  muscle,  replaces  the  normal  branch  from  the 
anterior  crural  nerve.  On  the  other  hand,  for  a  part  of  its  course  it  accomj^anies  the  obturator, 
and  in  rare  cases  it  may  replace  branches  of  that  nerve. 

THE  SACRAL  OR  SCIATIC  PLEXUS. 

The  sacral  or  sciatic  portion  of  the  lumbo-sacral  plexus  is  destined  almost 
entirely  for  the  lower  limb.  It  is  usually  formed  by  the  anterior  primary  divisions 
of  a  part  of  the  fourth  lumbar  nerve  (n.  furcalis),  the  fifth  lumbar,  the  first,  and 
parts  of  the  second,  and  third  sacral  nerves  (n.  bigeminus). 

Communications  with  the  Sympathetic. — Each  of  the  nerves  named  is  connected 
to  the  lumbar  or  pelvic  sympathetic  b}^  fP^(-^y  rami  coimnunicantes,  as  already  described  ; 
and  white  rcumi  coriimmiiccmtes  pass  usually  from  the  third  and  usually  also  from  the 
second  or  fourth  sacral  nerves  to  join  the  pelvic  plexus  of  the  sympathetic. 

Position  and  Constitution. — The  plexus  is  placed  on  the  back  wall  of  the 
pelvis  between  the  parietal  pelvic  fascia  and  the  pyriformis  muscle.  In  front  of  it 
are  the  pelvic  colon,  the  internal  iliac  vessels,  and  the  ureter. 

The  plexus  is  constituted  by  the  convergence  of  the  nerves  concerned  towards 
the  lower  part  of  the  great  sacro-sciatic  foramen,  and  their  union  to  form  a  broad 
triangular  band,  the  apex  of  which  is  continued  through  the  great  sacro-sciatic 
foramen  below  the  pyriformis  muscle  into  the  buttock,  as  the  great  sciatic  nerve. 
From  the  anterior  and  posterior  surfaces  of  this  triangular  band  numerous  small 
branches  arise,  which  are  distributed  to  the  parts  in  the  neighbourhood  of  the 
origin  of  the  nerve. 

The  great  sciatic  nerve  ends  in  the  thigh  by  dividing  into  two  large  nerves,  the 
tibial  (internal  popliteal),  and  peroneal  (external  popliteal).  In  many  cases  these 
two  nerves  are  distinct  from  their  origin,  and  are  separated  sometimes  by  fibres 
of  the  pyriformis  muscle.  In  all  cases  on  removal  of  the  sheath  investing  the 
great  sciatic  nerve  the  tibial  and  peroneal  nerves  can  be  traced  up  to  the  plexus, 
from  which  they  invariably  take  origin  by  distinct  and  separate  roots. 

The  descending  branch  of  the  fourth  lumbar  nerve  (n.  furcalis)  after  emerging 
from  the  inner  border  of  the  psoas  muscle  internal  to  the  obturator  nerve,  divides 
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behind  the  inac  vessels  into  anterior  and  posterior  (ventral  and  dorsal)  parts,  each 
of  which  joins  a  corresponding  part  of  the  fifth  lumbar  nerve.  The  anterior 
primary  division  of  the  fifth  lumbar  nerve  descends  over  the  ala  of  the  sacrum,  and 
divides  into  anterior  and  posterior  parts,  which  are  joined  by  the  corresponding  parts 
of  the  fourth  lumbar  nerve.  The  two  resulting  trunks  are  sometimes  called  the 
lumbo- sacral  cord.  The  first  and  second  sacral  nerves  pass  almost  horizontally  out- 
wards from  the  anterior  sacral  foramina,  and  divide  in  front  of  the  pyriformis  into 
similar  anterior  and  posterior  parts.  The  third  sacral  nerve  (n.  bigeminus)  divides 
into  upper  and  lower  parts.  The  lower  part  is  concerned  in  forming  the  pudendal 
plexus.  The  upper  part  is  directed  outwards,  and  slightly  upwards,  towards  the 
preceding  nerve,  and  does  not  separate  into  two  parts,  but  remains  undivided. 

These  trunks  combine  to  form  the  sciatic  or  sacral  plexus,  and  its  main  sub- 
«7 /T-r''^  divisions,  in  the  following  way.    Lying  in  apposition,  and  converging  to  the  lower 
part  of  the  great  sacro-sciatic  foramen,  the  posterior  (dorsal)  trunks  of  the  fourth  and 
fifth  lumbar  nerves  (limib^acral  cord),  and  of  the  first  and  second  sacral  nerves, 
combine  to  form  the  T^&ctmekv  nerve  and  the  subordinate  nerves  which  arise  from  the 
posterior  aspect  of  the  plexus.    The  anterior  (ventral)  trunks  of  the  fourth  and  fifth 
t/t,  *fr  ^     lumbar  nerves  (lumbo-sacral  cord),  and  of  the  first  and  second  sacral  nerves,  together 
X^f^/^dfh^'^'^  with  that  part  of  the  third  sacral  nerve  which  is  contributed  to  the  plexus,  unite  to 
^  —        form  the  tibial  nerve  and  the  subordinate  nerves  arising  from  the  front  of  the  plexus. 

Of  these  nerves  the  fifth  lumbar  and  first  sacral  are  the  largest ;  the  others 
diminishing  in  size  as  they  are  traced  upwards  and  downwards.  There  is  no 
distinct  demarcation  between  the  sacral  and  pudendal  plexuses.  The  second  and 
third  sacral  nerves  (and  in  some  cases  the  first  sacral  also)  are  concerned  in  the 
formation  of  both  plexuses. 

Branches.  —  The  nerves  of  distribution  derived  from  the  sacral  plexus  are 
divided  according  to  their  origin  into  an  anterior  (ventral)  and  a  posterior  (dorsal) 
series.  Each  set  comprises  one  of  the  two  essential  terminal  parts — peroneal  and 
tibial  nerves — of  the  great  sciatic,  and  numerous  smaller  collateral  branches. 

Anterior  Branches.  Bpsterior  Branches. 

Tibial  (^internal  popliteal)  nerve  Peroneal^xternal  popliteal)  nerve 

Muscular  branches —  Muscular  branches— "  " 

Nerves  to  hamstring  muscles  Nerves  to  short  head  of  biceps 

quadratus  femoris  pyriformis 
„        gemelli  Superior  gluteal  nerve 

obturator  internus  Inferior  gluteal  nerve 

Articular  branches  (to  hip-joint)  Articular  branches  (to  knee-joint) 

Great  Sciatic  Nerve. 

The  great  sciatic  nerve  (n.  ischiadicus).  —  It  has  already  been  shown  how 
this  nerve  is  formed.  It  comprises  the  two  main  nerves  of  the  sacral  plexus,  bound 
together  by  an  investing  sheath,  which  contains,  in  addition  to  the  peroneal  and 
tibial  nerves,  a  subordinate  branch  of  each,  the  nerve  to  the  hamstring  muscles, 
from  the  tibial,  and  the  nerve  to  the  short  head  of  the  biceps  flexor  cruris,  from 
the  peroneal  nerve.  A  thick  band  about  half  an  inch  in  breadth  is  formed,  con- 
sisting from  within  outwards  of  (1)  nerves  to  the  hamstring  muscles,  (2)  tibial 
(internal  popliteal),  (3)  peroneal  (external  popliteal),  (4)  nerve  to  the  short  head  of  the 
biceps  muscle.  The  great  sciatic  nerve  extends  through  the  buttock  and  the  back 
of  the  thigh.  Forming  a  continuation  of  the  sacral  plexus,  it  enters  the  buttock 
by  passing  through  the  great  sacro-sciatic  foramen,  in  the  interval  between  the 
pyriformis  and  superior  gemellus.  Concealed  by  the  gluteus  maximus  muscle,  it 
passes  downwards  to  the ;  thigh,  accompanied  by  the  sciatic  artery,  and  the  arteria 
comes  nervi  ischiadici.  It  lies  in  the  hollow  between  the  great  trochanter  of  the 
femur  and  the  tuberosity  of  the  ischium,  and  enters  the  thigh  beneath  the  fold  of  the 
nates  at  the  lower  border  of  the  gluteus  maximus.  At  this  spot  it  is  comparatively 
superficial,  lying  in  the  angle  between  the  edge  of  the  gluteus  maximus  above  and 
externally,  and  the  origins  of  the  hamstring  muscles  internally.  In  the  thigh  it- 
is  placed  upon  the  adductor  magnus  beneath  the  hamstring  muscles,  and  it 
terminates  at  a  variable  point  by  dividing  into  the  tibial  and  peroneal  nerves.  As 
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already  stated,  these  two  nerves  may  be  separate  from  their  origins,  and  their 
separation  may  occur  at  any  point  between  the  great  sacro-sciatic  foramen  and  the 
upper  part  of  the  popliteal  space. 

The  Nerves  of  Distribution  from  the  Sacral  Plexus.    1.  J 

These  are  divisible  into  two  series — collateral  and  terminal  branches.  Each 
subdivision  consists  of  a  series  of  anterior  (ventral)  and  posterior  (dorsal)  trunks. 

Collateral  Branches. — The  anterior  branches  are  (a)  muscular  branches  (to  the 
quadratus  femoris,  gemelli,  obturator  internus,  and  hamstring  muscles) ;  and  (h) 
articular  branches  (to  the  hip -joint).  These  nerves  all  arise  from  the  anterior 
aspect  of  the  sacral  plexus. 

The  nerve  to  the  quadratus  femoris  (gnrl  infftri^^emellus)  arises  from  the 
front  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves.  It  passes  downwards  , 
over  the  back  of  the  capsule  of  the  hip-joint  (to  which  it  sends  a  fine  branch)  beneath 
the  sacral  plexus,  gemelli,  and  obturator  internus  muscles.  It  supplies  a  nerve  to 
the  inferior  gemellus,  and  terminates  in  the  deep  surface  of  the  quadratus  femoris. 
^^Tnelierve  to  the  obturator  internus  (and  superior  geroellus^ arises  from  the  n  / 
anterior  aspect  of  the  fifth  lumbar  and  first  two  sacral  nerves.  In  the  buttock  it 
lies  below  the  great  sciatic  nerve  on  the  outer  side  of  the  pudic  vessels ;  crossing 
the  ischial  spine,  it  enters  the  ischio-rectal  fossa  through  the  lesser  sciatic  foramen. 
The  nerve  supplies  in  the  buttock  a  branch  to  the  superior  gemellus,  and  terminates 
by  entering  the  pelvic  surface  of  the  obturator  internus. 

The  nerve  to  the  hamstring  muscles  forms  the  innermost  part  of  the  great 
sciatic  trunk  in  the  lower  part  of  the  buttock.  It  arises  from  all  the  roots  of  the 
tibial  nerve  on  their  anterior  aspect,  viz.,  from  the  fourth  and  fifth  lumbar  and 
the  first  three  sacral  nerves.  These  roots  unite  to  form  a  cord  which  is  closely 
associated  with  the  tibial  nerve  and  is  placed  in  front  of  and  afterwards  on  its 
inner  side.  Extending  into  the  thigh,  the  trunk  is  distributed  to  the  hamstring 
muscles  by  means  of  two  sets  of  branches.  Just  below  the  level  of  the  ischial 
tuberosity  an  upper  set  of  nerves  passes  inwards  to  enter  the  upper  part  of  the 
semi-tendinosus  and  the  ischial  head  of  the  biceps.  Lower  down  in  the  thigh  the 
remaining  portion  of  the  nerve  separates  off  from  the  great  sciatic  (tibial)  trunk 
and  supplies  branches  to  the  semi-membranosus,  the  lower  part  of  the  semi-tendi- 
nosus, and  the  adductor  magnus. 

Articular  branches  for  the  hip-joint  arise  from  the  nerve  to  the  quadratus 
femoris,  and  often  directly  from  the  front  of  the  great  sciatic  (tibial)  nerve  near  its 
origin.    They  enter  the  back  of  the  capsule  of  the  joint  in  the  region  of  the  buttock. 

The  'posterior  branches  are  :  (a)  muscular  branches,  viz.  a  nerve  to  the  pyriformis, 
the  superior  gluteal  nerve,  the  inferior  gluteal  nerve,  and  a  nerve  to  the  short  head 
of  the  biceps ;  (h)  articular  branches  (to  the  knee-joint). 

These  nerves  all  arise  from  the  posterior  aspect  of  those  roots  of  the  sacral 
plexus,  which  are  associated  with  the  origin  of  the  peroneal  nerve. 

The  nerve  to  the  pyriformis  muscle  may  be  double.    It  arises  from  the  back 
of  the  second,  or  first  and  second  sacral  nerves,  and  at  once  enters  the  anterior  CP  /l 
surface  of  the  muscle. 

The  superior  gluteal  nerve  (n.  glutasus  superior)  arises  from  the  back  of  the 
fourth  and  fifth  lumbar  and  first  sacral  nerves,  and  is  directed  backwards  ^.nd^  c 
outwards  into  the  buttock,  above  the  pyriformis  muscle,  along  with  the  gluteal 
artery.  Under  cover  of  the  gluteus  maximus  and  gluteus  medius,  it  extends 
outwards  over  the  gluteus  minimus,  along  with  the  inferior  part  of  the  deep  gluteal 
artery,  to  the  under  surface  of  the  tensor  vaginae  femoris,  in  which  it  ends.  On 
its  way  it  supplies  branches  to  the  gluteus  medius  and  gluteus  minimus. 

The  inferior  gluteal  nerve  (n.  glutseus  inferior)  arises  from  the  back  of  the  fifth  r 
lumbar  and  first  two  sacral  nerves.    It  appears  in  the  buttock  at  the  lower  border  ^ 
of  the  pyriformis  muscle,  superficial  to  the  great  sciatic  nerve,  and  at  once  breaks 
up  into  a  number  of  branches  for  the  supply  of  the  gluteus  maximus.    In  its  course 
in  the  buttock  it  is  closely  associated  with  the  small  sciatic  nerve.    Its  origin  is 
sometimes  combined  with  that  of  the  following  nerve. 

The  nerve  to  the  short  head  of  the  biceps  springs  from  the  outer  side  of  the 
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great  sciatic  (peroneal)  trunk  in  the  upper  part  of  the  thigh.  When  traced  to  its 
origin,  it  is  found  to  arise  (sometimes  in  combination  with  the  inferior  gluteal  nerve) 
from  the  fifth  lumbar  and  first  two  sacral  nerves.  In  its  course  it  is  closely 
applied  to  the  outer  side  of  the  peroneal  nerve,  from  which  it  separates  in  the 
middle  third  of  the  thigh,  usually  in  combination  with  the  articular  branches  of 
that  nerve  for  the  knee-joint.  In  some  cases  it  has  an  independent  course  in  the 
thigh,  and  it  may  be  associated  in  the  buttock  with  the  inferior  gluteal  nerve. 

An  articular  branch  for  the  outer  side  and  front  of  the  knee-joint  generally 
arises  from  the  great  sciatic  or  peroneal  nerve  in  common  with  the  nerve  to  the 
short  head  of  the  biceps.  When  traced  up  to  the  plexus,  it  is  found  to  arise  from 
the  back  of  the  fourth  and  fifth  lumbar  and  first  sacral  nerves.  It  passes  through 
the  upper  part  of  the  popliteal  space  concealed  by  the  biceps  muscle,  and  separates 
into  upper  and  lower  branches,  which  accompany  the  upper  and  lower  external 
articular  arteries  to  the  outer  side  of  the  knee-joint. 

Terminal  Branches. — The  peroneal  (external  popliteal)  and  tibial  (internal 
popliteal)  nerves  are  the  two  main  trunks  resulting  from  the  combination  of  the 
posterior  and  anterior  cords  respectively  of  the  sacral  plexus.  The  peroneal  nerve 
is  homologous  with  the  musculo-spiral  nerve  in  the  upper  limb  ;  the  tibial  nerve 
represents  a  medio-ulnar  trunk  ;  and,  as  already  stated,  the  two  nerves,  constituting 
the  great  sciatic  nerve,  are  enveloped  in  a  common  sheath  for  a  variable  distance 
before  pursuing  an  independent  course  in  the  leg. 

Peroneal  Nerve. 

The  peroneal  or  external  popliteal  nerve  (n.  perona^us  communis)  arises  from 
the  back  of  the  sacral  plexus  from  the  fourth  and  fifth  lumbar  and  first  two 
sacral  nerves.  Incorporated  with  the  great  sciatic  nerve  in  the  buttock  and 
upper  half  of  the  thigh,  it  passes  downwards  from  the  bifurcation  of  that  nerve 
through  the  popliteal  space,  to  its  termination  at  a  point  about  an  inch  below  the 
head  of  the  fibula.  It  is  concealed  at  first  by  the  biceps  muscle.  Following 
the  tendon  of  that  muscle,  it  passes  obliquely  through  the  upper  and  outer  part 
of  the^  popliteal  space  and  over  the  outer  head  of  the  gastrocnemius  muscle  to  the 
back  of  the  head  of  the  fibula,  in  the  lower  part  of  its  course  and  at  its  termination 
it  is  directly  beneath  the  deep  fascia. 

Collateral  Branches. — These  are  divided  into  two  sets  :  (ct)  Nerves  arising  from 
the  roots  or  trunk  of  the  nerve  while  it  is  in  combination  with  the  tibial  nerve  in 
the  great  sciatic  trunk.  These  have  been  already  described,  viz.  a  muscular  branch 
to  the  short  head  of  the  biceps,  and  an  articular  branch  to  the  knee-joint,  (h)  Nerves 
arising  in  the  popliteal  space.  These  are  cutaneous  branches,  viz.  a  sural  branch  and 
the  pieroneal  communicating. 

The  sural  branch  (n.  cutaneus  sura?  lateralis)  is  irregular  in  size  and  distribution, 
and,  may  be  represented  by  two  or  more  branches  (Fig.  507,  p.  645).  Arising  from 
the  'peroneal  nerve  in  the  popliteal  space,  often  in  common  with  the  succeeding 
nervb,  it  pierces  the  deep  fascia  over  the  outer  head  of  the  gastrocnemius,  and  is 
distributed  to  the  skin  on  the  outer  aspect  of  the  back  of  the  leg  in  the  upper 
two-thirds.  The  extent  of  its  distribution  varies  with  that  of  the  small  sciatic 
and  external  saphenous  nerves. 

The  peroneal  communicating  nerve  (r.  anastomoticus  peron&eus,  r.  communicans 
fibuiaris),  arising  in  the  popliteal  space,  passes  over  the  outer  head  of  the  gastro- 
cnemius beneath  the  deep  fascia  to  the  middle  third  of  the  leg,  where  it  assists  in 
forming  the  external  saphenous  nerve  by  its  union  with  the  tibial  communicating 
branch  of  the  tibial  nerve.  In  many  cases  the  two  branches  do  not  unite.  In  such 
cases  the  peroneal  communicating  nerve  may  be  limited  in  its  distribution  to  the 
skin  of  the  outer  side  of  the  leg,  heel,  and  ankle,  or  it  may  be  distributed  to  the 
area  usually  supplied  by  the  external  saphenous  nerve. 

Terminal  Branches.  —  The  terminal  branches  of  the  peroneal  nerve  are 
recurrent  tibial,  anterior  tibial,  and  musculo-cutaneous.  They  arise  just  below 
the  head  of  the  fibula,  and  are  directed  forwards,  diverging  in  their  course, 
beneath  the  peroneus  longus  muscle. 

The  recurrent  tibial  nerve  is  the  smallest  branch.    Passing  forwards  beneath 
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the  origin  of  the  peroneiis  longus  and  the  extensor  longus  digitorum  muscles,  it 
divides  below  the  outer  tuberosity  of  the  tibia  into  branches  which  supply  the  upper 
hbres  of  the  tibialis  anticus  muscle,  the  tibio-fibular  articulation,  and  the  knee-joint. 

Anterior  Tibial  Nerve. 

The  anterior  tibial  nerve  (n.  peronaeus  profundus)  passes  downwards  and  in- 
wards, beneath  the  peroneus  longus,  extensor  longus  digitorum,  and  extensor  proprius 
hallucis  muscles,  to  the  front  of  the  leg.  In  its  course  down  the  leg  it  is  deeply 
placed  upon  the  interosseous  membrane  and  the  lower  part  of  the  tibia,  in  company 
with  the  anterior  tibial  artery.  At  the  ankle  it  lies  beneath  the  anterior  annular 
ligament  and  the  tendon  of  the  extensor  proprius  hallucis,  and  crossing  over  the 
ankle-joint,  it  divides  on  the  dorsum  of  the  foot  into  its  terminal  branches. 

1.  Collateral  Branches  (in  the  leg). — These  are  given  off  to  the  muscles  between 
which  the  anterior  tibial  nerve  passes :  tibialis  anticus,  extensor  proprius  hallucis, 
extensor  longus  digitorum,  and  peroneus  tertius.  A  fine  articular  branch  supplies 
the  ankle-joint. 

2.  Terminal  Branches  (on  the  foot). — The  terminal  Ijranches  are  internal  and 
external.  The  internal  branch  passes  along  the  dorsum  of  the  foot  on  the  outer 
side  of  the  dorsalis  pedis  artery  to  the  first  interosseous  space,  where  it  divides  into 
two  dorsal  digital  branches  for  the  supply  of  the  skin  of  the  outer  side  of  the  great 
toe  and  the  inner  side  of  the  second  toe.     Each  of  these 

branches  communicates  with  branches  of  the  musculo- 
cutaneous nerve.  It  gives  off  one  or  two  dorsal  inter- 
osseous branches,  which  supply  the  inner  tarso-metatarsal 
and  metatarso-phalangeal  articulations,  and  also  enter  the 
first  dorsal  interosseous  muscle. 

The  external  branch  passes  outwards  over  the  tarsus 
beneath  the  extensor  brevis  digitorum,  and  ends  in  a 
gangliform  enlargement  (similar  to  the  gangliform  enlarge- 
ment on  the  posterior  interosseous  nerve  at  the  back  of  the 
wrist).  From  this  enlargement  muscular  branches  arise 
for  the  supply  of  the  extensor_,l)xevi^digitiirimv along  with 
branches  for  the  tarsal,  tarso-metatarsal,  and  metatarso- 
phalangeal articulations.  Its  dorsal  interosseous  branches 
may  be  as  many  as  four  in  number.  Of  these  the  outer  two, 
extremely  small,  may  only  reach  the  tarso-metatarsal 
articulations.  The  inner  two  are  fine  branches,  which, 
besides  supplying  the  articulations,  may  give  branches  to 
the  second  and  third  dorsal  interosseous  muscles. 

The  branches  from  the  anterior  tibial  nerve  to  the 
interosseous  muscles  are  probably  sensory,  the  motor  supply 
of  these  muscles  being  certainly  derived  from  the  external 
plantar  nerve. 

MUSCULO-CUTANEOUS  NeRVE. 

The  musculo-cutaneous  nerve  (n.  perona^us  super-  fig.  508.— distribution  of 
ficiahs),  the  last  of  the  branches  of  the  peroneal  nerve,  Cutaneous  Nerves  on 
passes  below  the  head  of  the  fibula  and  beneath  the  upper  ^^^^  Dorsum  of  the 
fibres  of  the  peroneus  longus  muscle.  Lying  in  a  sheath  in  j^g^  mternai  saphenous  nerve ; 
the  intermuscular  septum,  between  the  peronei  externally  m.c,  Musculo-cutaneous 
and  the  extensor  longus  digitorum  internally,  it  proceeds 
downwards  in  front  of  the  fibula  to  the  lower  third  of 
the  leg,  where  it  pierces  the  deep  fascia  in  two  branches, 
internal  and  external. 

Its  branches  are :  (1)  collateral  muscular  branches  dis- 
tributed to  the  peroneus  longus  and  peroneus  brevis,  as  the  nerve  lies  in  relation 
to  these  muscles ;  (2)  terminal  cutaneous  branches,  internal  and  external. 

The  internal  terminal  branch  courses  downwards  over  the  anterior  annular  liga- 


nerve  ;  A.T,  Anterior  tibial 
nerve  ;  E.S,  External  sa- 
phenous nerve.  The  ex- 
tremities of  the  toes  are 
supplied  by  the  plantar 
nerves  (I.P,  E.P). 
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ment  of  the  ankle,  and  after  supplying  offsets  to  the  lower  third  of  the  leg  and  dorsum 
of  the  foot,  divides  into  three  branches.  (1)  The  internal  branch  supplies  the  skin 
of  the  dorsum  of  the  foot  and  the  inner  side  of  the  great  toe,  and  communicates 
with  the  internal  saphenous  nerve.  (2)  The  intermediate  branch  passes  to  the 
interval  between  the  great  toe  and  the  second,  and  divides  into  two  branches  which 
communicate  with  the  internal  branch  of  the  anterior  tibial  nerve.  (3)  The 
external  branch  passes  to  the  interval  between  the  second  and  third  toes,  and 
divides  into  two  digital  branches  to  supply  the  adjacent  sides  of  these  toes. 

The  external  terminal  branch  of  the  nerve  descends  over  the  anterior  annular 
ligament,  and  after  supplying  branches  to  the  lower  part  of  the  leg  and  the 
dorsum  of  the  foot,  divides  into  two  parts,  internal  and  external,  which,  passing  to 
the  intervals  between  the  third  and  fourth,  and  fourth  and  fifth  toes  respectively, 
divide  into  dorsal  digital  branches  for  the  adjacent  sides  of  these  toes.  These 
branches  communicate  with  offsets  of  the  external  saphenous  nerve. 

The  arrangement  of  the  cutaneous  branches  of  the  musculo-cutaneous  is  liable  to  considerable 
variation.  The  outer  division  of  the  nerve  may  be  increased  in  size,  and  may  supj^ly  the  nerve 
to  the  adjacent  sides  of  the  second  and  third  toes ;  or  in  other  cases,  it  may  be  reduced  in  size,  in 
which  case  the  external  saphenous  nerve  takes  its  place  on  the  dorsum  of  the  foot,  often  supplying 
as  many  as  two  and  a  half  toes  on  the  outer  side. 

The  cutaneous  nerves  on  the  dorsum  of  the  toes  from  the  anterior  tibial  and  musculo-cutaneous 
nerves  are  much  smaller  than  the  corresponding  plantar  digital  nerves.  They  are  reinforced  on 
the  dorsum  of  the  terminal  phalanges  hj  twigs  from  the  plantar  nerves,  wdiich  supply  the  tips  of 
the  toes  and  the  nails. 

Tibial  Nerve. 

The  tibial  or  internal  popliteal  nerve  (n.  tibialis)  arises  from  the  front  of 
the  sacral  plexus,  usually  from  the  fourth  and  fifth  lumbar  and  first  three  sacral 
nerves  (Fig.  511,  p.  656).  It  is  incorporated  in  the  great  sciatic  trunk  in  the 
buttock  and  upper  part  of  the  thigh.  At  the  bifurcation  of  the  great  sciatic  nerve 
it  passes  onwards  through  the  popliteal  space  and  the  back  of  the  leg.  The  part 
of  the  nerve  from  its  origin  from  the  plexus  or  the  bifurcation  of  the  great  sciatic 
nerve  to  the  lower  border  of  the  popliteus  muscle,  is  sometimes  called  internal 
popliteal;  the  part  of  the  nerve  in  the  back  of  the  leg  being  then  designated 
posterior  tibial.  The  course  of  the  nerve  through  the  buttock  and  thigh  has  already 
been  described  (p.  648).  In  the  popliteal  space  it  is  concealed  at  first  by  the 
semi-membranosus  and  other  hamstring  muscles.  It  crosses  the  popliteal  vessels 
from  without  inwards,  and  is  thereafter  found  upon  the  popliteus  muscle,  under 
cover  of  the  gastrocnemius  and  plantaris.  In  the  back  of  the  leg,  from  the  lower 
border  of  the  popliteus  muscle  to  the  ankle,  the  tibial  (or  posterior,  tibial)  nerve 
lies  on  the  tibialis  posticus  muscle  and  the  tibia,  and,  along  with  the  posterior 
tibial  vessels,  occupies  a  sheath  in  the  intermuscular  septum  separating  the  super- 
ficial and  deep  muscles  of  the  back  of  the  leg.  In  the  upper  part  of  the  leg  the 
nerve  is  internal  to  the  vessels,  but,  crossing  over  them,  it  lies  on  their  outer  side 
in  the  lower  portion  of  its  course.  It  terminates  beneath  the  internal  annular 
ligament  by  dividing  into  the  external  and  internal  plantar  nerves. 

The  collateral  branches  may  be  divided  into  three  series  arising  respectively 
in  the  region  of  the  thigh,  the  popliteal  space,  and  the  back  of  the  leg : — 

(a)  Branches  arising  from  tlie  Roots  or  Trunk  of  the  Nerve  luhile  it  is  incor- 
porated vjith  the  Great  Sciatic  Nerve. — These  have  been  already  described,  viz. 
muscular  branches  to  the  quadratus  femoris,  gemelli,  obturator  internus,  and  the 
hamstring  muscles,  and  an  articular  branch  to  the  hip-joint  (Fig.  511,  p.  656). 

(b)  Branches  arising  in  the  Popliteal  Space  above  the  Knee-Joint. — These  are 
in  three  sets — articular,  muscular,  cutaneous. 

1.  The  articular  branches  are  slender  nerves,  variable  in  number.  There  are 
usually  two,  an  azygos  branch  which  pierces  the  posterior  ligament  of  the  knee- 
joint,  and  an  internal  branch,  a  long  fine  nerve  which,  crossing  the  popliteal  vessels, 
descends  on  the  inner  side  of  the  space  to  accompany  the  lower  internal  articular 
artery  to  the  knee-joint.  In  its  course  it  gives  off  a  branch,  often  absent,  which 
accompanies  the  upper  internal  articular  artery. 

2.  The  muscular  branches  are  five  in  number.  Nerves  for  the  two  heads  of  the 
gastrocnemius,  and  the  plantaris  enter  these  muscles  at  the  borders  of  the  popliteal 
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space.  A  nerve  for  the  soleus  enters  the  superficial  surface  of  the  muscle.  A 
nerve  for  the  popliteus  muscle  passes  over  the  surface  of  that  muscle,  and  after 
winding  round  its  lower  border,  supplies  it  on  its  deep  (anterior)  surface.  As  this 
nerve  passes  beneath  the  popliteus  it  supplies  branches 
to  the  tibialis  posticus  muscle,  an  interosseous  branch 
for  the  interosseous  membrane,  which  can  be  traced  as 
far  as  the  lower  tibio-tibular  articulation,  an  articular 
branch  for  the  upper  tibio-fibular  joint,  and  a  medullary 
branch  for  the  shaft  of  the  tibia. 

3.  The  cutaneous  branch  is  the  tibial  communicating 
nerve  (n.  communicans  tibialis,  n.  cutaneus  suras 
medialis).  This  nerve  passes  from  the  popliteal  space 
in  the  groove  between  the  two  heads  of  the  gastro- 
cnemius muscle,  and  afterwards  lies  upon  the  tendo 
achillis.  It  pierces  the  deep  fascia  in  the  middle  third 
of  the  back  of  the  leg,  and  is  joined  immediately 
afterwards  by  the  peroneal  communicating  nerve 
from  the  peroneal  nerve.  From  their  union  the 
external  or  short  saphenous  nerve  results,  which 
reaches  the  foot,  winding  round  the  back  of  the 
external  malleolus  along  with  the  external  saphenous 
vein.  The  external  saphenous  nerve  supplies  cuta- 
neous branches  to  the  outer  side  and  back  of  the 
lower  third  of  the  leg,  the  ankle  and  heel,  and  the 
outer  side  of  the  foot  and  little  toe,  as  well  as  ar- 
ticular branches  to  the  ankle  and  tarsal  joints. 

The  external  saphenous  nerve  communicates  on  the 
foot  with  the  musculo-cutaneous  nerve,  and  its  size  varies 
with  the  size  of  that  nerve.  It  may  extend  on  to  the 
dorsum  of  the  foot  for  a  considerable  distance,  and  may 
either  reinforce  or  replace  the  branches  of  the  musculo- 
cutaneous nerve  to  the  intervals  between  the  fourth  and 
fifth  and  the  third  and  fourth  toes.  The  mode  of  forma- 
tion of  the  external  saphenous  nerve  is  very  variable.  The 
usual  arrangement  is  that  described.  Frequently  the 
peroneal  and  tibial  communicating  nerves  do  not  unite, 
and  in  such  cases  the  more  usual  arrangement  is  for  the 
tibial  communicating  nerve  to  form  alone  the  external 
saphenous  nerve,  the  peroneal  communicating  nerve  ex- 
tending only  to  the  ankle  and  heel.  It  is  less  usual  for 
the  peroneal  communicating  nerve  to  form  alone  the  ex- 
ternal saphenous  nerve,  the  tibial  communicating  nerve  in 
these  cases  ending  at  the  heel. 

(c)  Branches  arising  in  the  Back  of  the  Leg  heloio 
the  Knee- Joint. — These  branches  are  mainly  muscular 
and  cutaneous. 

The  muscular  branches  are  four  in  number,  com- 
prising nerves  to  the  soleus  (entering  its  deep  surface) 
and  tibialis  posticus,  often  arising  by  a  common  trunk, 
and  nerves  to  the  flexor  longus  digitorum  and  flexor 
longus  hallucis,  the  latter  generally  accompanying 
the  peroneal  artery  for  some  distance. 

The  cutaneous  branch  is  the  internal  calcanean  nerve 
(rr.  calcanei  mediales),  which  pierces  the  internal 
annular  ligament,  and  is  distributed  to  the  skin  of 
the  heel  and  back  part  of  the  sole  of  the  foot. 


Fi(i.  509. — Distribution  of  Cuta- 
neous Nerves  on  the  Back  of 
THE  Lower  Limb. 

On  the  one  side  the  distribution  of 
the  several  nerves  is  represented, 
the  letters  indicating  their  nomen- 
clature. 

L.l,  2,  3,  S.l,  2,  3,  Posterior  primary 
divisions  of  lumbar  and  sacral 
nerves  ;  LH,  Ilio-hypogastric;  T.12, 
Lateral  and  posterior  branches  of 
last  thoracic  nerve;  A.Co\  Posterior 
sacro- coccygeal  nerve  ;  A.Co-,  An- 
terior sacro-coccygeal  nerve  ;  Perf, 
Perforating  cutaneous  nerve  ;  S.Sc, 
Small  sciatic  ;  E.C,  External  cuta- 
neous ;  Obt,  Obturator  ;  I.C,  In- 
ternal cutaneous  ;  E.P.S,  Sural 
branches  of  peroneal  ;  I.S,  Internal 
Calc,  Calcanean  branch  of  posterior 


saphenous  ;  E.S,  External  saphenous  ;  M.C,  Musculo-cutaneous 
tibial  ;  I.P,  Internal  plantar  ;  E.P,  External  plantar  nerve. 
On  the  other  side  a  schematic  representation  is  given  of  the  areas  supplied  by  the  above  nerves,  the  figures 
indicating  the  spinal  origin  of  the  branches  of  distribution  to  each  area. 
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In  addition  a  medullary  nerve  to  the  fibula,  and  a  small  articular  branch  to 
the  ankle-joint,  are  supplied  by  the  posterior  tibial  nerve. 

The  terminal  branches  of  the  tibial  nerve  are  the  internal  and  external 
plantar  nerves. 

Internal  Plantar  Nerve. 

The  internal  plantar  nerve  (n.  plantaris  medialis)  is  homologous  with  the 
median  nerve  in  the  hand  (Fig.  510,  p.  654).  It  is  rather  larger  than  the  external 
plantar.  It  courses  forwards  in  the  sole  of  the  foot  beneath  the  internal  annular 
ligament  and  abductor  hallucis  to  the  interval  between  that  muscle  and  the  flexor 
brevis  digitorum,  in  company  with  the  internal  plantar  artery. 

The  collateral  branches  are  muscular,  cutaneous,  and  articular.  The  muscular 
branches  supply  the  abductor  hallucis  and  the  flexor  brevis  digitorum.  The  plantar 
cutaneous  branches  are  small  twigs  whTcfTperce  the' plantar  fascia  in  the  interval 
between  these  muscles  to  supply  the  inner  part  of  the  sole  of  the  foot.  The  ai^ti- 
cular  branches  are  minute  twigs  which  supply  the  inner  tarsal  and  tarso-metatarsal 
articulations. 

The  terminal  branches  are  four  in  number,  and  may  be  designated  first, 
second,  third,  and  fourth,  from  within  outwards. 

The  first  (most  internal)  branch  separates  from  the  nerve  before  the  others, 
and  pierces  the  plantar  fascia  behind  the  ball  of  the  great 
toe.  It  supplies  a  muscular  branch  to  the^exor  brevis 
hallucis,  and  cutaneous  branches  to  the  inner  side  of  the 
^oT^and  ball  of  the  great  toe.  It  terminates  as  the 
plantar  digital  nerve  for  the  inner  side  of  the  great  toe. 

The  second  branch  arises  along  with  the  third  and 
fourth ;  after  supplying  a  branch  to  the  first  lumbrical 
muscle,  it  becomes  superficial  in  the  interval  between  the 
first  and  second  toes,  and  terminates  by  dividing  into  two 
collateral  digital  nerves  for  the  supply  of  the  adjacent  sides 
of  these  toes. 

The  third  and  fourth  branches  are  entirely  cutaneous  in 
their  distribution.  They  become  superficial  in  the  intervals 
between  the  second  and  third  and  the  third  and  fourth 
toes  respectively,  and  there  divide  into  collateral  digital 
branches  for  the  supply  of  the  adjacent  sides  of  these  toes. 

The  plantar  digital  nerves  supply  the  whole  length  of 
the  toes  on  the  plantar  aspect,  and,  in  relation  to  the 
terminal  phalanges,  furnish  minute  dorsal  offsets  for  the 
supply  of  the  nails  and  tips  of  the  toes  on  their  dorsal 
surface.  The  internal  plantar  nerve  thus  supplies  the  skin 
of  the  three  and  a  half  inner  toes  in  the  sole  of  the  foot ; 
and  four  muscles  : — the  abductor  hallucis  and  flexor  brevis 
digitorum,  the  flexor  brevis  hallucis,  and  the  first  lumbrical 
muscle. 

External  Plantar  Nerve. 

The  external  plantar  nerve  (n.  plantaris  lateralis) 
is  homologous  with  the  ulnar  nerve  in  the  hand.  From 
its  origin  beneath  the  internal  annular  ligament  it 
extends  forwards  and  outwards  in  the  sole,  in  company 
with  the  external  plantar  artery,  between  the  flexor  brevis 
digitorum  and  accessorius  muscles,  towards  the  head  of 
the  fifth  metatarsal  bone.  Here  it  terminates  by  dividing 
into  superficial  and  deep  branches. 

-Muscular  branches  are  given  off  from  the  undivided  nerve 
to  the  accessorius  and  abductor  minimi  difflti  muscles.  C'utaneous  branches 
pierce  th?*pi'antar  fascia  at  intervals  along  the  line  of  the  intermuscular  septum, 
between  the  flexor  brevis  digitorum  and  abductor  minimi  digiti. 

Terminal  Branches. — The  superficial  branch  (r.  supeificialis)  is  mainly  cutaneous. 


Fig.  510. — Scheme  of  Distri- 
bution OP  THE  Plantar 
Nerves. 


I. PI,  Internal  plantar  nerve,  ami 
its  cutaneous  and  muscular 
branches  ;  F.B.D,  Flexor 
brevis  digitorum  ;  Abd.H, 
Abductor  hallucis  ;  F.B.H, 
Flexor  brevis  hallucis;  L.l, 
First  lumbricalis  ;  E.Pl,  Ex- 
ternal plantar  nerve,  and  its 
cutaneous  and  muscular 
branches  ;  Acc,  Accessorius  ; 
Abd.m.d,  Abductor  minimi 
digiti ;  F.B.M.D,  Flexor  brevis 
minimi  digiti  ;  R.P,  Ramus 
profundus. 

Collateral  Branches.- 
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Passing  forwards  between  the  tlexor  brevis  digitoriim  and  abductor  minimi  digiti, 
it  divides  into  external  and  internal  parts. 

The  external  bTa7ich,  after  supplying  the  flexor  brevis  minimi  digiti  muscle,  and 
sometimes  one  or  both  interossei  of  the  fourth  space,  becomes  superficial  behind 
the  ball  of  the  little  toe,  and  supplies  cutaneous  twigs  to  the  sole  of  the  foot  and  ball 
of  the  toe.    It  terminates  as  the  digital  branch  for  the  outer  side  of  the  little  toe. 

The  internal  branch  passes  forwards  to  the  interval  between  the  fourth  and  fifth 
toes,  where  it  becomes  cutaneous,  and  divides  into  two  collateral  digital  branches  for 
the  supply  of  the  adjacent  sides  of  these  toes.  It  communicates  with  the  fourth 
terminal  branch  of  the  internal  plantar  nerve. 

The  deep  branch  (r.  profundus)  of  the  external  plantar  nerve,  passing  deeply 
along  with  the  external  plantar  artery,  extends  inwards  towards  the  great  toe, 
beneath  the  accessorius  and  adductor  obliquus  hallucis.  It  gives  off'  articular 
brandies  to  the  tarsal  and  tarso-metatarsal  articulations,  and  muscular  branches 
to  the  interossei  of  each  space  (except  in  some  cases  the  muscles  of  the  fourth 
space) :  ^  tlie"^3jiatQLo}>liqi-^us  and  adductor  transversus  hallucis,  and  the  ^oute^ 
three  lumbricalmuscles.  T^"e¥e^^ervM^nl]eFthe  deep  surface^oFWe  muscles,  that 
to  "ThF  secoird^htmb^ical  reaching  its  muscle  after  passing  forwards  beneath  the 
adductor  transversus  hallucis. 

THE  PUDENDAL  PLEXUS. 

The  pudendal  plexus  constitutes  the  third  and  last  subdivision  of  the  lumbo- 
sacral plexus.  It  is  composed  for  the  most  part  of  the  spinal  nerves  below  those 
which  form  the  sacral  plexus ;  but,  as  already  stated,  there  is  no  distinct  point  of 
separation  between  the  two  plexuses.  On  the  contrary,  there  is  considerable  over- 
lapping, so  that  two  and  sometimes  three  of  the  principal  nerves  derived  from  the 
pudendal  plexus  have  their  origin  in  common  with  nerves  of  the  sacral  plexus. 

The  plexus  is  formed  by  fibres  from  the  anterior  primary  divisions  of  the  first 
three  sacral  nerves,  and  by  the  whole  of  the  anterior  primary  divisions  of  the  fourth 
and  fifth  sacral  and  coccygeal  nerves.  The  size  of  the  nerves  diminishes  rapidly 
from  the  first  sacral  to  the  coccygeal,  which  is  extremely  slender. 

Position  and  Constitution. — The  plexus  is  formed  on  the  back  wall  of  the 
pelvis.  Of  the  nerves  forming  it,  the  upper  ones  emerge  from  the  anterior  sacral 
foramina ;  the  fifth  sacral  nerve  appears  between  the  last  sacral  and  first  coccygeal 
vertebra ;  and  the  coccygeal  nerve  appears  below  the  transverse  process  of  that 
vertebra.    The  nerves  of  distribution  derived  from  the  plexus  are  the  following : — 

1.  Visceral  branches.  4.  Pudic  nerve, 

2.  Small  sciatic  nerve.  5.  Muscular  branches. 

3.  Perforating  cutaneous  nerve.  6.  Sacro-coccygeal  nerve. 

Omitting  the  visceral  branches,  all  the  nerves  are  distributed  to  the  perineum. 
Only  two,  the  small  sciatic  and  perforating  cutaneous  nerves,  send  branches  to  the 
lower  limb. 

Visceral  Branches.— Like  the  other  spinal  nerves,  the  fourth  and  fifth  sacral 
and  coccygeal  nerves  are  provided  with  fine  gray  rami  communicantes  from 
the  sacral  gangliated  cord,  which  joins  them  after  a  short  course  on  the  front  of 
the  sacrum.  The  third  (along  with  the  second  or  fourth)  sacral  nerve  in  addition 
sends  a  considerable  luhite  ramus  cominunicaiis  or  visceral  branch  inwards  to  the 
pelvic  plexus  and  viscera. 

Small  Sciatic  Nerve  (n.  cutaneus  femoris  posterior). — This  nerve  is  complex 
both  in  origin  and  distribution  (Eig.  511,  p.  656).  Springing  from  the  junction  of 
the  sacral  and  pudendal  plexuses,  it  is  derived  from  the  first  three  or  second  an_d, 
third  sacral  nerves.  It  is  distributed  to  the  lower  limb  ajicl  perineum,  and  is 
associated  with  oilier  nerves  belonging  to  both  regions.  It  arises  from  the  back  of 
the  roots  of  the  sacral  plexus  in  the  pelvis.  Its  higher  roots  from  the  first  and 
second  sacral  nerves  are  intimately  associated  with  the  origin  of  the  inferior  gluteal 
nerve ;  its  lowest  root  from  the  third  sacral  nerve  is  associated  with  the  origins  of 
the  perforating  cutaneous  or  pudic  nerve.  It  enters  the  buttock  through  the  great 
sciatic  notch  below  the  pyriformis,  along  with  the  sciatic  artery  and  inferior  gluteal 
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nerve.  Proceeding  downwards  behind  the  great  sciatic  nerve,  it  enters  the  thigh 
at  the  lower  border  of  the  ghiteus  maximus  muscle,  where  it  gives  off  considerable 
branches.    Becoming  gradually  smaller  as  it  courses  downwards  over  the  hamstring 


Fig.  511.^ — Nerves  of  the  Lumbo-Sacral  Plexus, 

Sy,  Sympathetic  cord  ;  T.12,  L.l,  2,  3,  4,  5,  S.l,  2,  3,  4,  5,  Co,  Anterior  primary  divisions  of  the  last  thoracic, 
the  lumbar,  sacral,  and  coccygeal  nerves  ;  Q,  Nerves  to  quadratus  lumhorum  ;  Ps,  Nerves  to  psoas 
muscle  ;  G.C,  Genito-crnral  nerve  ;  II,  Iliac  branches  of  last  thoracic  and  ilio -hypogastric  nerves  ;  Hy, 
Hypograstic  branch  of  ilio-hypogastric  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  E.C,  External  cutaneous  nerve  ; 
A.C,  Anterior  crural  nerve  ;  Obt,  Obturator  nerve  ;  Py,  Nerves  to  pyriformis  muscle  ;  O.I,  Nerve  to 
obturator  internus  ;  Q.F,  Nerve  to  quadratus  fenioris  muscle  ;  Art,  Articular  branch  ;  S.G,  Superior 
gluteal  nerve  ;  I.G.  Inferior  gluteal  nerve  ;  P,  Peroneal  nerve  ;  Bi.2,  Nerve  to  short  head  of  biceps  muscle  ; 
T,  Tibial  nerve  ;  Art,  Articular  branch  ;  H.S,  Nerve  to  the  hamstring  muscles  ;  Bi.l,  Nerves  to  biceps 
(long  head),  and  St.  1,  to  semi-tendiuosus  ;  St.2,  Semi-tendinosus  ;  Sm,  Semi-membranosus  ;  A.m, 
Adductor  magnus  ;  S.Sc,  Small  sciatic  nerve  ;  Perf,  Perforating  cutaneous  nerve  ;  Pud,  Pudic  nerve  ; 
M,  Muscular  branches  ;  Per,  Perineal  branch  of  fourth  sacral  ;  A.Co,  Anterior  sacro- coccygeal  nerve. 
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muscles  to  the  popliteal  space,  it  finally  pierces  the  popliteal  fascia  in  one  or  more 
cutaneous  branches,  which  supply  the  skin  over  the  calf  of  the  leg  for  a  variable 
distance  (Fig.  509,  p.  653). 

Branches. — The  small  sciatic  is  a  purely  cutaneous  nerve.  It  supplies  branches 
to  the  perineum,  buttock,  thigh,  and  leg. 

The  perineal  branch  (rr.  perinseales ;  inferior  pudendal  nerve ;  long  scrotal 
nerve)  arises  from  the  small  sciatic  nerve  at  the  lower  border  of  the  gluteus 
maximus  muscle  (Fig.  512,  p.  658).  It  sweeps  inwards  towards  the  perineum, 
lying  on  the  origin  of  the  hamstring  muscles  below  the  ischial  tuberosity,  and 
becomes  subcutaneous  after  passing  over  the  pubic  arch.  Its  terminal  branches 
supply  the  skin  of  the  scrotum  and  root  of  the  penis,  or  in  the  female  the  labium 
majus  and  clitoris,  some  of  them  being  directed  backwards  towards  the  anus  and 
central  point  of  the  perineum.  They  communicate  with  the  inferior  hsemorrhoidal 
and  perineal  branches  of  the  pudic  nerve,  and  with  the  ilio-inguinal  nerve.  In  its 
course  to  the  perineum  the  nerve  gives  off  collateral  branches  to  the  skin  of  the 
upper  and  inner  part  of  the  thigh. 

The  gluteal  branches  (rr.  clunium  inferiores)  are  large  and  numerous  (Fig. 
509,  p.  653).  They  arise  from  the  small  sciatic  nerve  beneath  the  gluteus 
maximus,  and  become  subcutaneous  by  piercing  the  fascia  lata  at  different  points 
along  its  lower  border.  They  supply  the  skin  of  the  lower  half  of  the  buttock. 
The  outermost  branches,  reaching  to  the  back  of  the  great  trochanter,  overlap  the 
terminal  filaments  of  the  gluteal  branches  of  the  external  cutaneous  nerve,  and  the 
posterior  primary  divisions  of  the  first  three  lumbar  nerves.  The  innermost  branches, 
which  may  pierce  the  great  sacro-sciatic  ligament,  reach  nearly  to  the  coccyx,  and 
are  co-terminous  in  their  distribution  with  the  branches  of  the  perforating  cutaneous 
nerve,  which  they  reinforce  and  not  infrequently  replace. 

The  femoral  branches  are  divisible  into  two  sets — internal  and  external.  They 
pierce  the  fascia  lata  of  the  thigh  at  intervals,  and  supply  the  skin  of  the  back  of 
the  thigh  on  its  inner  and  outer  sides  respectively. 

The  sural  branches  are  two  or  more  slender  nerves  which  pierce  the  fascia 
over  the  popliteal  space,  and  are  distributed  for  a  variable  extent  to  the  skin  of 
the  back  of  the  leg.  They  may  stop  short  over  the  popliteal  space,  or  may  extend 
as  far  as  the  ankle.  Usually  they  innervate  the  skin  as  far  as  the  middle  of  the 
calf    They  communicate  with  the  external  saphenous  nerve. 

Ill  cases  where  the  great  sciatic  nerve  is  naturally  divided  at  its  origin  into  tibial  (internal 
popliteal)  and  peroneal  (external  popliteal)  nerves  {e.g.  by  the  pyriformis  muscle),  the  small 
sciatic  nerve  is  also  separated  into  two  parts  :  a  dorsal  part,  associated  with  the  peroneal  nerve 
and  arising  in  common  with  the  lower  roots  of  the  inferior  gluteal  nerve  (usually  from  the  first 
and  second  sacral  nerves),  and  comprising  the  gluteal  and  external  femoral  branches  ;  and  a 
ventral  part,  associated  with  the  tibial  nerve  and  arising  usually  from  the  second  and  third 
sacral  nerves,  along  with  the  perforating  cutaneous  and  pudic  nerves,  and  comprising  the 
perineal  and  internal  femoral  branches. 

Perforating  Cutaneous  Nerve  (n.  perforans  ligament!  tuberoso  -  sacri 
(Schwalbe),  n.  cutaneus  clunium  inferior  medialis  (Eisler)). — This  nerve  arises 
from  the  back  of  the  secondand  third  sag^ral  nerves  (Fig.  512,  p.  658).  At  its 
origin  it  is  associated  with  tEe  lower  roots  dl  the  s°maii  sciatic  nerve.  Passing  down- 
wards it  pierces  the  great  sacro-sciatic  ligament,  along  with  the  coccygeal  branch 
of  the  sciatic  artery ;  and  after  winding  round  the  lower  border  of  the  gluteus 
maximus  muscle,  or  in  some  cases  piercing  its  lower  fibres,  it  becomes  subcutaneous 
a  little  distance  from  the  coccyx,  and  supplies  the  skin  over  the  lower  part  of  the 
buttock  and  the  inner  part  of  the  fold  of  the  nates. 

The  perforating  cutaneous  nerve  is  not  always  present.  In  a  minority  of  cases  it  is  associated 
at  its  origin  with  the  pudic  nerve.  When  absent  as  a  separate  nerve,  its  j)lace  is  taken  by  (1) 
gluteal  branches  of  the  small  sciatic  nerve,  or  (2)  a  branch  from  the  pudic  nerve,  or  (3)  a  small 
nerve  (n.  perforans  coccygeus  major,  Eisler),  arising  separately  from  the  back  of  the  third  and 
fourth  sacral  nerves. 

Muscular  Branches. — Between  the  third  and  fourth  sacral  nerves  (occasion- 
ally reinforced  by  the  second,  Eisler)  a  plexiform  loop  is  formed,  from  which 
muscular  nerves  are  given  off  to  the  levator  ani  (supplying  the  muscle  on  its  pelvic 
surface),  coccygeus,  and  external  sphincter.    The  nerve  to  the  external  sphincter 
46 
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{perineal  h'ancli  of  fourth  sacral)  pierces  the  great  sacro-sciatic  ligament  and  the 
coccygeus  muscle,  to  which  it  gives  otfsets,  and  appears  in  the  ischio-rectal  fossa 
between  the  gluteus  maximus  and  the  external  sphincter.  Besides  supplying  the 
posterior  fibres  of  the  external  sphincter,  it  distributes  cutaneous  offsets  to  the  skin 
of  the  ischio-rectal  fossa  and  the  fold  of  the  nates  behind  the  anus.  This  nerve 
replaces  in  some  instances  the  perforating  cutaneous  nerve. 

Anterior  Sacro-coccygeal  Nerves  (nn.  ano-coccygei). — By  the  union  of  the 
remaining  part  of  the  fourtli  with  the  fifth  sacral  and  coccygeal  nerves,  the 
so-called  coccygeal  plexus  is  formed.  A  fine  descending  branch  of  the  fourth 
sacral  nerve  passes  over  or  through  the  great  sacro-sciatic  ligament,  to  join  the 
fifth  sacral  nerve.  This  fifth  sacral  nerve,  joined  by  the  descending  branch  of 
the  fourth,  descends  alongside  the  coccyx  and  is  again  joined  by  the  coccygeal 
nerve,  so  that  a  plexiform  cord  results,  homologous  with  the  inferior  caudal  trunk 
of  tailed  animals.  Fine  twigs  arise  from  it,  which  pierce  the  sacro-sciatic  ligament 
and  supply  the  skin  in  the  neighbourhood  of  the  coccyx,  internal  to  the  perforating 
cutaneous  nerves  and  behind  the  anus. 


The  Pudic  Nerve. 

The  pudic  nerve  (n.  pudendus)  is  the  principal  nerve  for  the  supply  of  the 
perineum.    It  arises  in  the  pelvis  usually  by  three  roots  from  the  second,  third,  and 


Perineal  branch  of  fourth  sacral  nervk  Anterior  sacro-coccygeal  nerve 

Fig.  512.— The  Muscles  and  Nerves  of  the  Male  Perineum, 

fourth  sacral  nerves  (Fig.  511,  p.  656).  (Frequently  one  of  its  branches,  the  inferior 
hsemorrhoidal  nerve,  arises  independently  from  the  third  and  fourth  sacral  nerves). 
The  nerve  passes  to  the  buttock  through  the  great  sacro-sciatic  foramen  below  the 
great  sciatic  nerve,  and  lies  on  the  lesser  sacro-sciatic  ligament,  or  the  spine  of  the 
ischium,  internal  to  the  internal  pudic  artery.  It  enters  the  perineum  along  with 
the  pudic  artery  through  the  small  sacro-sciatic  foramen.  In  the  perineum  it  is 
deeply  placed  in  the  outer  wall  of  the  ischio-rectal  fossa,  enclosed  in  a  special 
sheath  derived  from  the  parietal  pelvic  fascia  covering  the  inner  surface  of  the 
obturator  internus  muscle.  At  the  anterior  limit  of  the  ischio-rectal  fossa,  the 
nerve  approaches  the  surface  and  divides  at  the  base  of  the  triangular  ligament 
into  its  terminal  branches,  the  perineal  nerve  and  the  dorsal  nerve  of  the  penis. 
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The  branches  of  the  pudic  nerve  are  essentially  the  same  in  the  two  sexes.  As 
a  rule  no  branches  are  given  off  till  the  nerve  enters  the  perineum,  but  sometimes 
the  inferior  hsemorrhoidal  nerve  has  an  independent  origin  from  the  plexus,  merely 
accompanying  the  pudic  nerve  in  the  first  part  of  its  course ;  and  in  exceptional 
cases  the  perforating  cutaneous  nerve  of  the  buttock  is  a  branch  of  the  pudic  nerve. 

The  inferior  haemorrhoidal  nerve  (n.  htemorrhoidalis  inferior)  arises  from  the 
pudic  nerve  under  cover  of  the  gluteus  maximus,  at  the  posterior  part  of  the 
ischio-rectal  fossa.  In  cases  in  which  it  has  an  independent  origin  from  the  plexus, 
it  arises  from  the  third  and  fourth  sacral  nerves.  It  crosses  the  ischio-rectal  fossa 
in  company  with  the  inferior  haemorrhoidal  vessels,  and  separates  into  numerous 
])ranches — muscular,  cutaneous,  and  communicating. 

The  muscular  branches  end  in  the  external  sphincter  ani  muscle.  The  cutaneous 
branches  supply  the  skin  around  the  anus.  The  communicating  branches  connect 
the  inferior  haemorrhoidal  with  three  other  nerves — the  perineal  branches  of  the 
small  sciatic,  pudic,  and  fourth  sacral  nerves. 

The  perineal  nerve  (n.  perineus),  one  of  the  two  terminal  branches  of  the 
pudic  nerve,  arises  near  the  base  of  the  triangular  ligament.  It  almost  immediately 
divides  into  two  parts,  superficial  and  deep. 

•    The  superficial  part  is  purely  cutaneous  and  consists  of  two  nerves,  the  posterior 


Fig.  513. — The  Triangular  Ligament  of  the  Perineum. 

or  external  and  the  anterior  or  internal  superficial  perineal  nerves,  which  pass, 
along  with  the  superficial  perineal  vessels,  to  the  anterior  part  of  the  perineum. 
The  posterior  or  external  superficial  perineal  nerve,  at  the  anterior  limit  of  the  ischio- 
rectal fossa,  usually  passes  over  the  base  of  the  triangular  ligament  and  over  the 
transversus  perinei  muscle.  The  anterior  or  internal  superficial  perineal  nerve,  lying 
more  deeply,  pierces  the  base  of  the  triangular  ligament  and  goes  underneath  or 
through  the  transversus  perinei  muscle.  Becoming  superficial  in  the  anterior 
(urethral)  triangle  of  the  perineum,  they  are  distributed  to  the  skin  of  the  scrotum 
(or  labium  majus),  and  communicate  with  the  perineal  branch  of  the  small  sciatic 
nerve  and  with  the  inferior  haemorrhoidal  nerve. 

The  deep  part  of  the  perineal  nerve  is  mainly  but  not  entirely  muscular. 
Coursing  forwards  through  the  anterior  part  of  the  ischio-rectal  fossa,  it  passes 
between  the  two  layers  of  the  triangular  ligament  towards  the  urethra.  It  supplies 
muscular  branches  to  the  anterior  parts  of  the  levator  ani  and  external  sphincter, 
to  the  transversus  perinei,  erector  penis  (or  clitoridis),  bulbo-cavernosus  (ejaculator 
urinse  or  sphincter  vaginae),  and  compressor  urethrae.  It  terminates  as  the  nerve 
to  the  bulb,  which,  piercing  the  triangular  ligament,  enters  the  bulb  of  the  urethra 
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and  supplies  the  erectile  tissue  of  the  bulb  and  corpus  spongiosum,  as  well  as  the 
mucous  membrane  of  the  urethra  as  far  as  the  glans  penis  (or  clitoridis). 

The  dorsal  nerve  of  the  penis,  the  other  terminal  branch  of  the  pudic  nerve, 
accompanies  the  internal  pudic  artery  beneath  the  superficial  layer  of  the  triangular 
ligament.  It  passes  forward  close  to  the  pubic  arch,  lying  beneath  the  crus  and 
erector  penis  (or  clitoridis),  and  triangular  ligament,  and  upon  the  compressor 
urethrse  muscle ;  piercing  the  triangular  ligament  near  its  apex,  at  the  outer  side 
of  the  dorsal  artery  of  the  penis  (or  clitoris),  it  passes  on  to  the  dorsum  of  the 
penis  or  clitoris,  to  which  it  is  distributed  in  its  distal  two-thirds,  sending  branches 
round  the  sides  of  the  organ  to  reach  its  under  surface.  In  the  female  the  nerve  is 
much  smaller  than  in  the  male.  The  dorsal  nerve  of  the  penis  supplies  one  branch, 
the  nerve  to  the  corpus  cavernosum,  as  it  lies  beneath  the  triangular  ligament. 
This  is  a  slender  nerve,  which,  piercing  the  triangular  ligament,  supplies  the 
erectile  tissue  of  the  crus  and  corpus  cavernosum. 

Morphology  of  the  Pudendal  Plexus. — The  structures  occupying  the  perineum  are  placed 
in  the  ventral  axis  of  the  body,  and  comprise  from  before  backwards,  the  penis  and  scrotum,  or 
mons  Veneris  and  vulva,  the  central  point  of  the  perineum,  the  anus  and  ischio-rectal  fossa,  and 
the  coccyx.  They  are  placed  on  the  mesial  side  of  the  attachment  of  the  lower  limbs — the  penis 
or  mons  Veneris  in  relation  to  the  preaxial  border ;  the  coccyx  in  relation  to  the  postaxial  border 
of  the  limb. 

The  nerves  of  the  perineum,  thus  reaching  the  ventral  axis  of  the  trunk,  are  homologous  with 
the  anterior  (ventral)  terminations  of  other  nerves.    They  are  separated  into  two  series.  Mainly 

supplied  through  the  pudendal  jdIcxus  by  the  last  four  sacral 
and  the  coccygeal  nerves,  the  perineum  is  also  innervated 
to  a  minor  extent  by  the  first  lumbar  nerve  through  the 
ilio-inguinal  nerve,  which  reaches  the  root  of  the  penis  and 
the  scrotum.  The  region  is  thus  supplied  by  two  series 
of  widely  separated  nerves,  which  have  their  meeting-place 
on  the  dorsum  and  side  of  the  penis  and  scrotum.  This 
junction  of  the  ilio-inguinal  and  pudendal  nerves  constitutes 
the  beginning  of  the  ventral  axial  area  or  line,  which 
extends  peripherally  along  the  inner  side  of  the  lower  limb. 
Apart  from  this  break  in  their  distribution,  a  definite 
numerical  order  may  be  followed  in  the  arrangement  of  the 
perineal  nerves.  The  higher  parts  of  the  perineum  are  in- 
nervated by  the  higher  spinal  nerves  ;  the  lower  parts,  by  the 
lower  nerves.  This  is  best  exemplified  in  the  distribution  of 
the  cutaneous  nerves.  The  base  of  the  penis  and  scrotum 
(or  mons  Veneris)  is  supj^lied  by  the  first  lumbar  nerve  (ilio- 
inguinal). The  dorsal  nerve  of  the  penis  (or  clitoris),  when 
traced  back  to  the  pudendal  plexus,  is  found  to  come  from 
the  second,  and  to  a  less  extent  from  the  third  sacral  nerves  ; 
the  scrotal  nerves  (perineal  branches  of  the  pudic  and  small 
sciatic)  similarly  arise  from  the  third,  and  to  a  less  extent 
from  the  second  sacral  nerves  ;  the  skin  of  the  ischio-rectal 
fossa  and  anus  is  innervated  by  the  inferior  hsemorrhoidal 
(third  and  fourth  sacral  nerves),  and  the  perineal  branch  of 
the  fourth  sacral  nerve.  The  coccygeal  j^lexus,  lastly,  supplies 
the  skin  round  the  coccyx  (fourth  and  fifth  sacral  and 
coccygeal  nerves).  Judged  from  its  nerve  sujDply  the  perineum 
is  to  be  regarded  as  occupying,  for  the  most  part,  a  jjosition 
behind  or  more  caudal  than  that  of  the  lower  limb  in  relation 
to  the  trunk.  There  is  here  a  remarkable  gap  in  the 
numerical  sequence  of  the  nerves  supplying  the  ventral  axis 
of  the  body.  All  the  nerves  between  the  first  lumbar  and  the  second  sacral  fail  to  reach  the  mid 
ventral  line  of  the  trunk  and  are  wholly  concerned  in  the  innervation  of  the  lower  limb. 

At  the  preaxial  border  of  the  limb  (groin)  the  first  lumbar  nerve,  the  highest  nerve  supplying 
the  perineum,  is  concerned  also  in  innervating  the  skin  of  the  limb.  At  the  postaxial  border  of 
the  limb  (fold  of  the  nates  and  back  of  the  thigh),  the  nerves  which  are  the  highest  of  those  con- 
stituting the  pudendal  plexus  (the  second  and  third  sacral  nerves)  are  also  implicated  in  inner- 
vating that  border  of  the  limb.  The  fourth  sacral  nerve  is  only  concerned  to  a  very  slight 
extent  in  the  innervation  of  the  limb  by  means  of  the  perineal  l^ranch,  which  reaches  the 
beginning  of  its  postaxial  border  ;  the  last  two  spinal  nerves  are  wholly  unrepresented  in  the 
limb  proper  and  end  entirely  in  the  trunk  l^ehind  the  limb. 


Fig.  514. — Scheme  of  the  innervation 
of  the  hinder  portion  of  the  trunk 
and  of  the  perineum,  and  the  in- 
terruption of  the  segmental  arrange- 
ment of  the  nerves  associated  with 
the  formation  of  the  limb. 

T.IO,  11,  12,  The  areas  of  distribution 
of  the  lower  thoracic  nerves  ;  L.  1,  2, 

3,  The  posterior  primary  divisions  of 
the  first  three  lumbar  nerves  ;  L.l, 
The  ilio-inguinal  nerve;  S.l,  2,  3, 

4,  5,  6,  The  posterior  primary  divi- 
sions of  the  sacral  and  coccygeal 
nerves  (6)  ;  S.3,  2,  S.3,  2,  Branches 
of  pudic  nerve  to  penis  and  scrotum  ; 
S.3,  4,  Inferior  hsemorrhoidal  nerve  ; 
4,  Perineal  branch  of  the  fourth 
sacral  nerve  ;  4,  5,  6,  Anterior  sacro- 
coccygeal nerve  ;  D.  A.  L,  Dorsal  axial 
line  :  V.A.L,  Ventral  axial  line. 


Development  of  the  Spinal  Nerves. 


T.  Origin  of  the  Spinal  Nerve  Roots. — The  process  of  development  of  the  spinal 
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nerves  commences  by  means  of  the  outgrowth  of  the  dorsal  and  ventral  roots  from  the 
medullary  tube.    The  two  roots  take  origin  in  quite  different  ways. 

The  dorsal  root  is  the  first  to  appear, — before,  during,  or  after  the  union  of  the 
medullary  plates  and  the  formation  of  the  neural  tube.  It  takes  origin  as  a  cellular  bud 
from  the  dorsal  surface  of  the  medullary  tube  in  one  of  three  ways: — (1)  It  may  arise 
from  the  junction  of  the  medullary  plate  and  surface  epi blast  before  the  closure  of  the 
medullary  groove.  (2)  It  may  spring  from  the  neural  crest,  a  ridge  on  the  dorsal  aspect 
of  the  medullary  tube,  after  its  closure  is  complete.  (3)  It  may  be  simply  a  direct  out- 
growth from  the  dorsal  surface  of  the  medullary  tube.  Pyriform  in  shape,  the  bud 
enlarges  and  becomes  separated  from  the  medullary  tube,  and  projects  ventrally  in  the 
space  between  the  myotome  and  the  medullary  tube.  Each  bud  is  separated  by  only  a 
slight  interval  from  its  neighbour. 

The  cells  (neuroblasts)  composing  the  bud  become  rapidly  spindle-shaped,  and  by  the 
middle  of  the  fourth  week  give  rise  to  two  sets  of  processes ;  (1)  a  central  series,  which 


Fig.  515. — Development  of  the  Spinal  Nerves. 


A,  Formation  of  nerve  roots. 
D.E,  Dorsal  root. 
V.R,  Ventral  root. 


N.T,  Neural  tube. 
No,  Notochord. 

C,  Formation  of  nerves. 

So,  Somatic  division. 
Vi,  Visceral  branch. 
P,   Posterior  primary  division. 


Al.C,  Alimentary  canal. 
Ao,  Aorta. 
V,       Cardinal  vein. 
M.P,  Muscle  plate. 

D,  E,  Formation  of  subordinate 
branches. 

Lat,  Lateral,  and 

Ant,  Anterior,  branches. 


B,  Formation  of  nerve  trunk  (N). 

D.G,    Dorsal  ganglion. 
Sy,      Sympathetic  cord. 
W.D,  Wolffian  duct. 
Co,  Cceloni. 

F,  Formation  of  nerve  trunks  in  relation 
to  the  limb  :  dorsal  and  ventral 
trunks  corresponding  to  lateral  and 
anterior  trunks  in  D  and  E. 


grow  backwards  and  are  secondarily  connected  with  the  dorso-lateral  aspect  of  the 
medullary  tube  as  the  fibres  of  the  dorsal  root ;  and  (2)  a  peripheral  series,  which  con- 
stitute the  dorsal  root  fibres  of  the  spinal  nerve  and  join  the  ventral  root,  to  form  the 
spinal  nerve  proper.    The  intermediate  cellular  mass  remains  as  the  spinal  ganglion. 

The  ventral  root  of  a  spinal  nerve  arises  in  quite  a  different  way,  from  cells  (neuro- 
blasts) in  the  substance  of  the  medullary  tube.  In  the  account  of  the  development  of  the 
spinal  cord  it  has  been  shown  how  the  cellular  constituents  of  the  medullary  tube  are  con- 
verted into  two  classes  of  cells  :  (1)  spongioblasts,  which  produce  the  matrix  (neuroglia)  of 
the  spinal  cord ;  and  (2)  germ-cells  or  neuroblasts,  which  produce  the  nerve-cells  of  the 
gray  matter  of  the  cord.    The  neuroblasts  give  rise  to  the  axis-cylinder  processes  or 
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axons,  which,  penetrating  the  spongy  tissue  of  the  medullary  tube  and  the  outer  limiting 
membrane,  find  their  way  into  the  mesoblastic  tissue  on  the  ventro-lateral  surface  of  the 
tube.  Fibrous  from  their  earliest  origin  and  derived  from  nerve-cells  which  remain  within 
the  medullary  tube,  the  axons  of  which  the  ventral  root  is  composed  become  surrounded  by 
mesoblastic  cells  immediately  on  their  emergence,  which  give  rise  to  the  sheaths  of  the  nerve. 
The  ventral  root  is  a  little  later  in  its  date  of  appearance  than  the  dorsal  root.  It  begins 
to  be  evident  at  the  twenty-fourth  day  and  is  completely  formed  by  the  twenty-eighth  day. 

II.  Formation  of  the  Spinal  Nerve. — The  fibres  of  the  dorsal  root  ganglion  and 
the  ventral  root  grow  by  extension  from  the  cells  with  which  they  are  respectively  con- 
nected, and  meet  in  the  space  between  the  myotome  and  the  side  of  the  medullary  tube 
to  form  the  spinal  nerve.  It  has  been  already  shown  that  in  the  adult  there  is  a  funda- 
mental division  of  the  spinal  nerve  into  posterior  and  anterior  primary  divisions.  In  the 
process  of  development  this  separation  is  even  more  obvious.  As  the  fibres  of  the  dorsal 
and  ventral  roots  approximate,  they  separate  at  the  same  time  each  into  two  unequal 
portions  :  the  smaller  parts  of  the  two  roots  unite  together  to  form  the  posterior,  and  the 
larger  parts  unite  to  form  the  anterior  primary  division  of  the  spinal  nerve. 

The  posterior  primary  division,  curving  outwards  and  dorsally,  passes  through  the 
myotome  and  is  connected  with  it.  In  the  substance  of  the  myotome  it  separates  into 
branches  as  it  proceeds  towards  the  dorsal  wall  of  the  embryo.  At  a  later  stage,  the 
branches  are  definitely  arranged  into  an  outer  and  an  inner  set. 

The  anterior  primary  division  grows  gradually  in  a  ventral  direction  to  reach  the 
somato-splanchnopleuric  angle,  under  cover  of  the  growing  myotome.  It  spreads  out  at 
its  distal  end  and  eventually  separates  into  two  portions  :  a  smaller,  splanchnic,  or  visceral; 
and  a  larger,  somatic,  or  parietal  portion.  (1)  The  smaller,  splanchnic,  or  visceral  portion 
grows  inwards,  dorsal  to  the  Wolffian  ridge,  to  be  connected  with  the  sympathetic  cord 
and  the  innervation  of  organs  in  the  splanchnic  area.  This  branch  of  the  spinal  nerve 
becomes  the  white  ramus  communicans  of  the  sympathetic.  It  is  not  present  in  the  case 
of  all  the  spinal  nerves  (cervical,  lower  lumbar,  and  upper  sacral).  It  will  be  referred  to 
again  in  connexion  with  the  sympathetic  system.  (2)  The  larger,  somatic,  or  parietal 
portion  becomes  the  main  part  of  the  anterior  primary  division  of  the  nerve.  It 
continues  the  original  ventral  course  of  the  nerve,  and,  reaching  the  body  wall,  sub- 
divides into  two  terminal  branches — a  lateral  branch,  which  grows  outwards  and  down- 
wards and  reaches  the  lateral  aspect  of  the  trunk,  after  piercing  the  myotome ;  and  a 
ventral  or  anterior  branch,  which  grows  onwards  in  the  body  wall  to  reach  the  ventral 
axis.    This  arrangement  is  met  with  in  the  trunk  between  the  limbs  and  in  the  neck. 

III.  Formation  of  Limb-plexuses. — The  method  of  growth  of  the  spinal  nerves, 
just  described,  is  modified  in  the  regions  where  the  limbs  are  developed.  In  relation  to 
the  limbs,  which  exist  in  the  form  of  buds  of  cellular  undiff'erentiated  mesoblast  before 
the  spinal  nerves  have  any  connexion  with  them,  the  development  of  the  nerve  proceeds 
exactly  in  the  way  described  up  to  the  point  of  formation  of  somatic  and  splanchnic 
branches.  The  somatic  branches  then  stream  out  into  the  limb  bud,  passing  into  it 
below  the  ends  of  the  myotomes  and  spreading  out  into  a  bundle  of  fibres  at  the  basal 
attachment  of  the  limb.  Later  on,  the  nerves  separate  each  into  a  pair  of  definite  trunks, 
w^hich  are  named  dorsal  and  ventral,  and  which,  dividing  round  a  central  core  of  meso- 
blast, proceed  to  the  dorsal  and  ventral  surfaces  respectively  of  the  limb  bud.  While  this 
process  is  going  on,  a  secondary  union  takes  place  between  (parts  of)  adjacent  dorsal  and 
ventral  trunks.  Dorsal  trunks  unite  with  dorsal  trunks,  ventral  trunks  unite  with  ventral 
trunks,  to  form  the  nerves  distributed  ultimately  to  the  surfaces  and  periphery  of  the 
limb.  These  dorsal  and  ventral  trunks  are  homologous  with  the  lateral  and  ventral 
branches  of  the  somatic  nerves  in  other  regions. 

Morphology  of  the  Limb-plexuses. 

The  arrangement  of  the  limb  nerves  is  rendered  complex  and  the  significance  of  the  plexuses 
is  obscured  by  the  changes  through  which,  coincidently,  the  nerves  on  the  one  hand  and  the 
parts  supplied  by  them  on  the  other  hand  have  j^assed  in  the  course  of  development. 

Nature  of  the  Limbs. — As  already  described,  the  mammalian  limbs  arise  as  flattened  buds 
from  the  extremities  of  the  Wolffian  rid.ge.  Each  bud  possesses  a  preaxial  and  a  postaxial  border, 
and  a  dorsal  and  a  ventral  surface,  continuous  with  the  dorsal  and  ventral  aspects  of  the  trunk 
and  homologous  with  its  lateral  and  ventral  surfaces.  Each  bud  consists  at  first  of  a  mass  of 
undifferentiated,  unsegmented  mesoblast,  covered  by  epithelium.  Around  the  central  core  of 
mesoblast  which  produces  the  skeletal  axis,  the  vessels  and  muscles  of  the  limb  are  formed 
in  situ,  the  muscles  as  double  dorsal  and  ventral  strata,  beneath  the  corresponding  surfaces  of 
the  bud. 

Each  limb  bud  is  connected  to  the  lateral  and  ventral  aspects  of  the  trunk,  and  is  associated 
with  a  number  of  body  segments,  varying  in  the  two  extremities  and  in  different  animals. 
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Altliougli  tlie  mesoblastic  material  of  which  the  limb  bud  is  composed  exhibits  in  itself  no 
segmental  divisions  at  any  period  of  its  development,  a  clear  indication  of  the  segmental  relations 
of  the  limbs  is  obtained  from  the  arrangement  of  the  limb  nerves.  Taking  the  nerves  which 
supply  the  limbs  as  a  guide,  the  segments  engaged  in  the  formation  of  the  upper  extremity  are 
the  last  five  cervical  and  first  two  thoracic.  The  lower  extremity  is  related  by  its  nerves  to  all 
the  lumbar  and  the  first  three  sacral  segments.  In  each  limb,  the  segments  at  the  preaxial  and 
postaxial  borders  are  only  j^artially  concerned  in  limb  formation. 

It  has  been  already  shown  that  the  somatic  branches  of  the  nerves  enter  the  substance  of  the 
embryonic  limb  and  divide  in  their  course  into  dorsal  and  ventral  trunks,  which  supply  the 
dorsal  and  ventral  surfaces  of  the  limb  bud.  The  higher  nerves  supply  the  preaxial  border,  the 
lower  nerves  supply  the  postaxial  border,  while  the  nerves  most  centrally  situated  extend  furthest 
towards  the  periphery  of  the  liml). 

In  order  to  understand  properly  the  constitution  of  the  limb-plexuses,  it  is  necessary  further 
to  make  a  comparison  of  the  surfaces  and  borders  of  the  embryonic  and  adult  limbs. 

Upper  Limb. — (A)  Borders. — The  preaxial  border  of  the  upper  extremity  extends  from  the 
middle  of  the  clavicle,  in  the  line  of  the  cephalic  vein,  down  the  front  of  the  shoulder,  the  outer 
side  of  the  arm,  forearm  and  hand,  to  the  outer  border  of  the  thumb.  The  postaxial  border 
extends  from  the  middle  of  the  axilla  along  tlie  inner  side  of  the  arm  (in  the  line  of  the  basilic 
vein),  the  inner  side  of  the  forearm  and  hand,  to  the  inner  border  of  the  little  finger. 

(B)  Surfaces. — The  areas  of  the  limb  between  these  lines,  anteriorly  and  posteriorly,  correspond 
to  the  ventral  and  dorsal  surfaces  of  the  embryonic  limb  bud.  The  ventral  surface  is  represented 
by  the  front  of  tlie  chest,  arm,  and  forearm,  and  the  palm  of  the  hand.  The  dorsal  surface  is 
represented  by  the  scapular  and  deltoid  regions,  the  back  of  the  arm,  forearm,  and  hand. 

Lower  Limb.— (^)  Borders. — The  preaxial  border  of  the  lower  limb  extends  from  the  middle 
of  Poupart's  ligament  down  the  inner  side  of  the  thigh  and  leg  in  the  line  of  the  internal 
saphenous  vein,  to  the  inner  side  of  the  great  toe.  The  postaxial  border,  beginning  at  the  coccyx, 
extends  along  the  fold  of  the  nates  and  the  outer  side  and  back  of  the  thigh  and  leg  (in  the  line 
of  the  external  saphenous  vein)  to  the  outer  border  of  the  foot  and  little  toe. 

(B)  Surfaces. — The  areas  between  these  lines  correspond  to  the  primitive  dorsal  and  ventral 
surfaces  of  the  embryonic  limb  bud.  The  unequal  amount  of  rotation  in  the  jjarts  of  the  lower 
limb  obscures  the  relation  of  foetal  and  adult  surfaces,  which  are  most  easily  made  out  in  the 
infantile  position  of  the  limbs,  with  the  thighs  and  knees  flexed  and  the  soles  of  the  feet 
inverted.  The  ventral  surface  of  the  embyronic  limb  is  represented  l)y  the  inner  side  and 
back  of  the  thigh,  the  back  of  the  leg,  and  the  sole  of  the  foot.  The  dorsal  surface  is  rej^resented 
by  the  front  of  the  thigh  and  buttock,  the  front  of  the  leg,  and  the  dorsum  of  the  foot. 

Composition  of  the  Limb-plexuses. — In  all  mammals  the  same  definite  plan  underlies  the 
constitution  of  the  limb-plexuses.  The  nerves  concerned  are  the  anterior  primary  divisions  of 
certain  segmental  spinal  nerves,  which  (with  certain  exceptions  at  the  preaxial  and  postaxial 
borders)  are  destined  wholly  and  solely  for  the  innervation  of  the  limb.  Each  of  the  anterior 
primary  divisions  engaged  divides  into  a  pair  of  secondary  trunks,  named  dorsal  or  posterior, 
ventral  or  anterior.  The  dorsal  and  ventral  trunks  again  subdivide  into  tertiary  trunks,  which 
combine  with  the  corresponding  subdivisions  of  neighbouring  dorsal  and  ventral  trunks  to  form 
the  nerves  of  distribution.  The  combinations  of  dorsal  trunks  provide  a  series  of  nerves  for  the 
supply  of  that  part  of  the  limb  which  is  derived  from  the  dorsal  surface  of  the  embryonic  limb 
bud  ;  the  combinations  of  ventral  trunks  give  rise  to  nerves  of  distribution  to  the  regions 
corresponding  to  its  ventral  surface.  The  relation  of  the  nerves  derived  from  the  limb-plexuses 
to  the  areas  of  the  limbs  is  given  in  the  accompanying  tables  : — 


T.  Upper  Limb. 


Origin. 

Nerves. 

Distribution. 

f 

Brachial 
Plexus 

Dorsal  trunks 

{Posterior  cord) 

^Posterior  scapular        .       .  ^ 

Posterior  thoracic 

SuprascajDular      .       .       .  r 

Subscapular  (3)  . 
•  Circumflex   .       .       .       .  ^ 

(Lesser  internal  cutaneous  (?) )  \ 

(Intercosto-humeral  (?) )  j 

Musculo-spiral     .       .       .  | 

Scapular  region  and 
shoulder 

Arm,  inner  side 

Back  of  arm,  fore- 
arm, and  hand 

Dorsal 
surface 

Ventral  trunks 

{Outer  and 
inner  cords) 

j 

^ Nerve  to  subclavius  ) 
Anterior  thoracic  (2)  i  * 

Musculo-cutaneous       .       .  | 

^  Lesser  internal  cutaneous 

Internal  cutaneous      .       .  / 

Median.       .       .       .       .  / 
'^Ulnar  \ 

Front  of  chest 

Front  of  arm  and 

forearm 
Inner  side  of  arm 
;  Front  of  arm  and 

forearm 
Front  of  forearm  and 

hand 

Ventral 
surface 
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II.  Lower  Limb. 


Origin. 

Nerves. 

Distribution. 

Lumbo- 
sacral ( 
Plexus 

Dorsal 
trunks  ! 

1 

'Ilio-hypogastric  (iliac  brancli)"! 
Superior  gluteal 
Inferior  gluteal  r 
Nerve  to  pyriformis 

y^D lllOiX-X.  oL-ldLlL-                .              .              .  ^ 

External  cutaneous      .       .  / 
Genito-crural  (crural  branch) 
Anterior  crural     .       .       .  |^ 
Peroneal  .... 

Buttock 

Buttock  and  thigh,  outer  side  " 

and  front 
Front  of  thigh 

Front  and  inner  side  of  thigh, 

leg,  and  foot 
Front  of  leg  and  foot 

Dorsal 
surface 

1 
! 

Ventral 
trunks 

A Ilio-liypogastric  (hypogastric 
branch) 

Ilio-inguinal        .       .       .  | 
Genito-crural  (genital  branch) 
Obturator     .       .       .       .  | 

Nerve  to  obturator  internus^ 
and.  superior  gemellus 

Nerve  to  quaclratus  femoris 
and  inferior  gemellus 

Nerve  to  hamstrings 

Small  sciatic 

'^Tibial  1 

Abdominal  wall  (ventral  sur- 
face) 

Abdominal   wall,   thigh,  and 

perineum 
Groin 

Thigh  (inner  side)  and  knee 
(back) 

> 

Buttock  and  back  of  thigh 

Back  of  thigh  and  perineum 
Back  of  knee,  leg,  and  sole  of 
foot  ^ 

Ventral 
surface 

In  the  regions  of  the  limbs  no  anterior  cutaneous  branches,  derived  from  the  limb  nerves, 
supply  the  trunk.  The  whole  of  the  nerve  is  carried  into  the  limb  and  is  absorbed  in  its 
innervation,  and  the  dorsal  and  ventral  trunks  forming  the  limb-plexuses  are  to  be  looked  upon 
as  homologous  with  the  lateral  and  anterior  trunks  of  an  intercostal  nerve.  Two  series  of 
anomalies  in  relation  to  the  formation  and  distribution  of  the  nerves  to  the  limbs  must,  however, 
be  considered,  because  it  has  been  suggested  (Goodsir)  that  the  nerves  of  the  limbs  are  serially 
homologous  with  not  the  whole,  but  with  only  the  lateral  branches  of  the  anterior  primary 
divisions  of  the  intercostal  nerves. 

(1)  Nerves  In  connexion  with  the  primitive  borders  of  the  Limbs.— At  the  preaxial 
border  of  the  upper  limb,  at  its  root,  the  fourth  cervical  nerve,  whicli  supplies  the  anterior  and 
lateral  surfaces  of  the  neck,  is  also  distributed  through  the  supraclavicular  nerves  to  the  skin  of 
both  ventral  and  dorsal  surfaces  of  the  limb.  The  nerves  and  surfaces  are  here  not  merely 
homologous,  but  in  actual  continuity. 

At  the  preaxial  border  of  the  lower  limb,  similarly,  the  first  lumbar  nerve,  by  means  of  the 
ilio-hypogastric  and  ilio-inguinal  branches,  supplies  on  the  one  hand  the  buttock,  in  series  with 
the  lateral  branches  of  the  lower  thoracic  nerves,  and,  on  the  other  hand,  the  lower  part  of  the 
abdominal  wall  and  the  adjacent  inner  side  of  the  thigh,  in  series  with  the  anterior  terminal 
branches  of  the  lower  thoracic  nerves. 

At  the  postaxial  border  of  the  upper  limb  the  first  and  second  thoracic  nerves  are  concerned 
in  supj)lying  trunk  segments  as  well  as  parts  of  the  limb.  The  first  thoracic  nerve,  besides 
supplying  the  limb  through  the  inner  cord  of  the  plexus,  also  innervates  at  least  the  muscles  of 
the  first  intercostal  space  ;  the  second  thoracic  nerve  is  concerned  in  the  innervation  of  the  limb, 
Ijrincipally  by  means  of  its  lateral  branch  only,  which,  as  the  intercosto -humeral  nerve,  supplies 
the  skin  along  the  jwstaxial  border  of  the  limb  and  on  its  dorsal  side.  At  the  postaxial  border  of 
the  lower  limb,  m  the  same  way,  the  third  and  fourtli  sacral  nerves,  jjartially  implicated  in  the 
innervation  of  the  limb  (through  the  tibial,  small  sciatic,  perforating  cutaneous  nerve,  and 
perineal  branch  of  the  fourth  sacral  nerve),  are  also  engaged  in  supj)lying  the  trunk  (perineum) 
through  the  pudic  nerve.  These  peculiarities  of  arrangement  of  the  nerves  at  the  borders  of  the 
limbs  may  be  explained  on  the  supposition  that  the  segment  corresponding  to  the  nerve  named 
is  only  partially  concerned  in  limb  formation,  and  is,  at  the  same  time,  implicated  to  a  greater 
or  less  extent  in  the  formation  of  structures  belonging  to  the  trunk. 

(2)  The  origin  and  distribution  of  the  nerves  at  the  postaxial  border  of  the  limbs  present 
a  special  difficulty.  In  the  composition  respectively  of  the  brachial  and  lumbo-sacral  plexuses, 
the  first  thoracic  and  third  sacral  nerves  do  not  as  a  rule  divide  into  ventral  and  dorsal  trunks, 
ljut  contribute  only  to  the  formation  of  the  ventral  series  of  nerves.  A  solution  of  this  difficulty 
may  be  found  in  the  examination  of  the  areas  of  distribution  of  the  nerves  derived  from  the 
first  thoracic  and  third  sacral  nerves.    In  the  case  of  the  brachial  plexus  (the  inner  cord  of  which 
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receives  normally  the  whole  contribution  of  the  first  thoracic  nerve)  the  lesser  internal  cutaneous, 
the  inner  branch  of  the  internal  cutaneous,  and  the  dorsal  branch  of  the  ulnar  nerve  supply  the 
dorsal  asjiect  of  the  limb  on  its  postaxial  border.  These  nerves  are  in  serial  homology  with  the 
intercosto-humeral  and  lateral  trunks  of  intercostal  nerves.  In  the  case  of  the  lumbo-sacral  plexus 
similarly,  in  which  the  third  sacral  nerve  does  not  divide  into  ventral  and  dorsal  trunks,  the 
small  sciatic  and  tibial  nerves  containing  the  contribution  from  the  third  sacral  nerves  innervate, 
by  means  of  the  gluteal  and  external  femoral  branches  of  the  former  and  the  tibial  communi- 
cating branch  of  the  latter,  the  dorsal  surface  of  the  limb  along  the  postaxial  border,  in  series 
with  the  perforating  cutaneous  nerve  and  the  j^erineal  branch  of  the  fourth  sacral. 

These  apparent  anomalies  ajDpear  to  indicate  that,  instead  of  dividing  into  its  proper  dorsal 
and  ventral  trunks,  the  entire  contribution  of  the  spinal  nerve  concerned  is  in  these  instances 
carried  undivided  along  the  postaxial  border  of  the  limb  in  association  with  the  ventral  trunks, 
and  that  the  dorsal  subdivisions  are  thrown  off  successively  as  the  plexus  cords  approach  the 
periphery.  Indeed,  in  the  case  of  the  small  sciatic  nerve,  Eisler  has  shown  that,  when  the 
peroneal  and  tibial  nerves  are  separated  at  their  origin,  its  gluteal  and  external  femoral  branches 
arise  from  and  are  connected  with  the  dorsal,  and  the  perineal  and  internal  femoral  branches 
with  the  ventral  trunk. 

The  Distribution  of  the  Spinal  Nerves  to  the  Muscles  and  Skin 

OF  THE  Limbs. 

By  dissection,  experiment,  and  clinical  observation,  it  is  conclusively  proved  that 
as  a  rule  each  nerve  of  distribution  in  the  limb,  whether  to  muscle  or  skin,  is  made  up  of 
fibres  derived  from  more  than  one  spinal  nerve  ;  and,  further,  that  in  cutaneous  distribution 
a  considerable  overlapping  occurs  in  the  course  of  the  several  peripheral  nerves.  Moreover, 
the  arrangement  of  the  distribution  of  the  nerves  to  skin  and  to  muscles  is  not  identical. 
In  the  case  of  the  skin  of  the  limbs,  by  the  covering  of  the  limb  being  drawn  on  to  it  from 
adjacent  parts  in  the  process  of  growth,  cutaneous  nerves  are  engaged,  which  are  derived 
from  sources  not  represented  in  the  muscular  innervation  of  the  limbs.  Again,  among  the 
muscles,  some  have  undergone  fusion,  others  have  become  rudimentary,  and  others  again 
have  altered  their  position  in  the  limb.  Bearing  these  qualifications  in  mind,  it  is 
possible  to  formulate  a  definite  plan  for  the  innervation  of  the  skin  and  muscles  of  the 
upper  and  lower  limb.  The  accompanying  tables  give  an  analysis  of  the  distribution  of 
the  spinal  nerves  to  the  skin  and  muscles  of  the  upper  and  lower  limb  respectively  : — 

I.  Upper  Limb. 
A.  Cutaneous  Nerves. 


1.  Dorsal  (Posterior)  Surface. 


Regions. 

Nerves. 

Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

Upper  part  [ 
(preaxial)  j 
Scapular ,  I 

Lower  part  J 
\     {postaxial)  1 

UjDper  part  f 

DeltoidJ  .  (^^^-^^^^"^0  } 
Lower  part  ./ 

{-postaxial)  ^ 

r  Outer  side  \ 
{jpreaxial)  'j 

Upper  arm-  / 
Inner  side  | 
{postaxial)  y 

Posterior  primary  divisions, 
cervical   

Cervical  plexus,  acromial 

Posterior  j^rimary  divisions, 
thoracic    .       .       .  ... 

Intercostal  nerves,  lateral  branches 

Cervical  plexus,  acromial 

Circumflex  

Intercostal        nerves,  lateral 
branches  ..... 

Circumflex  

Musculo-spiral,    ujoper  external 

branch  

Musculo-spiral,  internal  branch  . 
Lesser  internal  cutaneous 
Intercosto-humeral 

C.  4.  5.  a 
C.  3.  4. 

T.  1.-7. 
T.  2.  3.  4. 

C.  3.  4. 
C.  5.  6. 

T.  2.  3. 

C.  5.  6. 

C.  (5).  6. 

C.  8. 
T.  1. 
T.  2. 
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1.  Dorsal  (Posterior)  Surface — continued. 


Regions. 


{  Outer  side 


Forearm- 
Inner  side 
(postaxial) 

/'Outer  side 
Hand-  J  (Preaxml) 
inner  side 


(postaxial) 


Nerves. 


Musculo-spiral,  upper 

branch 
Musculo-spiral,  lower 

branch 
Musculo  -  cutaneous, 

branch 
Eaclial  . 

Internal  cutaneous, 

branch 
Ulnar,  dorsal  branch 

Radial  . 


Ulnar 


external 
external 
posterior 

internal 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


C.  (5).  6. 

C.  6.  7. 

C.  5.  6. 
C.  6.  7. 


C.  6.  7. 


C.  8.  T.  1. 
0.  8. 


C.  8. 


Regions. 


Chest 


Upper  arm 


Forearm 


/  Upper  part 
I  (preaxial) 

\  Lower  part 
I  (postaxial) 

Outer  part 

(preaxial) 

Inner  part 
(postaxial) 

r  Outer  part 
j  (preaxial) 
j  Inner  part 

^  (postaxial) 
'^Outer  part 
(preaxial) 


I.  Upper  Limb. 

A.  Cutaneous  Nerves. 
2.  Ventral  (Anterior)  Surface. 


Hand 


Inner  part 
(postaxial) 


Nerves. 


Cervical   plexus,  supraclavicular 
branches  .... 

Intercostal       nerves,  anterior 
branches  .... 

Intercostal  nerves,  lateral  branches 

Circumflex  .... 

Musculo  -  spiral,    upper  external 
branch  .... 

Internal  cutaneous 

Lesser  internal  cutaneous 

Intercosto-humeral 

Musculo  -  cutaneous,  anterior 
branch  .... 

Internal      cutaneous,  anterior 
branch  .... 

Musculo-cutaneous,  ball  of  thumb 

Median,  palmar  branch 
„      digital  branches 
„       thumb,  outer  side  . 
„  „      inner  side)^ 

„  index,  outer  side  j 
„  „      inner  side"^ 

,,  middle,  outer  side  / 
„  „      inner  side) 

„       ring,  outer  side  j 

Ulnar,  palmar  branch  . 
„     digital  branches 


Spinal  Origins, 

Preaxial  Postaxial 
Nerves.  Nerves. 


T.  2.-7. 


C.  3.  4. 

\ 
/ 

C.  5.  6. 
C.  5.  6. 

C.  5.  6. 


C.  5.  6. 
C.  6.  7. 

C.  6.  7.  8.  T.  1. 

C.  6.  (7). 

C.  6.  7. 

C  (6).  7.  8.  (T.  1). 

C. 


T.  1. 
T.  1. 
T.  2. 


T.  1. 


\.  T.  1. 

T.  1. 
T.  L 
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I.  Upper  Limb. 

B.  Muscular  Nerves. 
1.  Dorsal  (Posterior)  Surface. 


Regions. 


Shoulder 


Upper  part 
(jjreaxial 
muscles) 


Lower  part 
(postaxial 
muscles) 


Upper  arm 


Forearm 


Muscles. 


Traj^ezius 

Levator  anguli  scapulge 

Eliomboidei  . 
Serratiis  magnus 
Suj)raspinatiis  \ 
Infraspinatus  j 

Subscapularis 

Teres  major  . 
Teres  minor  \ 
Deltoid  / 
Latissimus  dorsi 
Triceps  . 

Outer  head 

Middle  head 

Inner  head 
Anconeus 
Brachio-radialis 
Extensor      carpi  radialis 
longior 

Extensor      carpi  radialis 

brevior 
Supinator  radii  brevis 
Extensor  communis  digitorum 

„       minimi  digiti  . 

„       carpi  ulnaris  . 
Extensor  ossis  metacarpi  pol 

licis  .... 
Extensor  longus  pollicis 

„        brevis  pollicis 
indicis  . 


Nerves. 


Cervical  plexus  . 

/Cervical  plexus  . 

I  Posterior  scapular 
Posterior  scapular 
Posterior  thoracic 

Suj^rascapular 

/Short  subscapular 
I  Lower  „ 
Lower  subscapular 

i  Circumflex  . 

i  Long  subscapular 

-Musculo-spiral 
-Musculo-spiral 


Posterior  inter- 
osseous 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


C.  3.  4. 
C.  3.  4. 

C.  5. 

C.  5. 

C.  5. 


C.  5.  6. 


C.  6.  7.  8. 
C.  (6).  7.  8. 
j-      C.  7.  8. 
C.  5.  6. 
C.  (5).  6.  7. 


C.  (5).  6.  7. 
C.  (5).  6. 


8. 

(8). 


I,C.  (5).  6.  7.  8. 


1.  Upper  Limb. 

B.  Muscular  Nerves. 
2.  Ventral  (Anterior)  Surface. 


Regions. 

Muscles. 

Nerves. 

Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

'Upper  part 

{preaxial 
muscles) 

Pectoral 
Region 

Lower  part 
{postaxial 
-  muscles) 

Sterno-mastoid 
Omo-liyoid  \ 
Sterno-hyoid  }            '  ' 
Subclavius  .... 
Pectoralis  major  . 

Clavicular  part 

Sternal  part 
Pectoralis  minor  .       .  . 

Cervical  plexus 
Ansa  hypoglossi  . 
Brachial  plexus 

^Anterior  thoracic 
j  nerves 

C.  2. 

C.  1.  2.  3. 
C.  5.  6. 

C.  5.  6.  7.  8.  T.  1. 
C.  5.  6. 

C.  5.  6.  7.  8.  T.  1. 
C.  7.  8.  T.  1. 
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2.  Ventral  (Anterior)  Surface — continued. 


Regions. 


Upper 
arm 


Forearm 


Outer  part 

(preaxial) 


Inner  part 

(jjostaxial) 

Outer  part 

{preaxial) 


Inner  part 

(postaxial) 
'Outer  part 
(preaxial) 


Hand  -< 


Inner  part 
{postaxial) 


Muscles. 


BicejDS  . 

Brachialis  anticus 
Coraco-bracliialis  . 


Axillary  arches 


Pronator  radii  teres 
Flexor  carpi  radialis  . 
Palmaris  longus  . 
Flexor  sublimis  digitoruni  . 

Flexor  profundus  digitoruni 

Flexor  carpi  ulnaris 
Flexor  longus  poUicis  . 
Pronator  quadratus 
Abductor  poUicis  . 
Opponens  poUicis 
Flexor  brevis  pollicis  . 
Two  outer  lumbricales . 
Two  inner  lumbricales . 
Interossei     .       .       .  . 
Adcluctores   jjollicis  (trans- 

versus  et  obliquus) 
Abductor  minimi  digiti 
Opponens  minimi  digiti 
Flexor  brevis  minimi  digiti 


Nerves. 


1  Musculo -cutaneous 
/  Musculo-cutaneous 
IMusculo-spiral 

j  Musculo-cutaneous 
f  Internal  anterior 

I      thoracic,  or  lesser 

-  internal  cutane- 
ous, or  inter- 
l   costo -humeral 


'  jMedian 

/  Anterior 
I  osseous 
Ulnar  . 
; )  Anterior 

'  j  osseous 

^-Median  . 


Ulnar 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


)C.  5.  6. 

C.  (5).  6. 
C.  7. 


C.  8.  T.  1.  (2). 


inter- 
Ulnar 

inter-  1 


C.  7. 


r.  1. 

T.  1. 
T.  1. 


C.  7.  8.  T.  1. 


\C.  6.  7. 


C.  8.  (T.  1). 


II.  Lower  Limb. 

A.  Cutaneous  Nerves. 
1.  Dorsal  Surface. 

{Front  and  cuter  side  of  tJrir/h,  hnttock,  front  of  leg,  dorsum  of  foot.) 


Regions. 


Nerves. 


Front  of  thigh  and 
front  part  of  but- 
tock 

{preaxial  nerves) 


Tliigh- 


Buttock 


Outer  side  of  thigh  r 
and  buttock,  back  | 
and  lower  part  i 

{postaxial  nerves)  y 

r  Inner  side 

Leg   .       .  I 


Dorsum 
foot 


of 


{preaxial) 
Outer  side 

{postaxial) 
Inner  side 

{preaxial) 
Outer  side 
{postaxial) 


Genito-crural,  crural  branch 
Anterior  crural,  internal  branch 
Anterior  crural,  middle  branch 
External  cutaneous 
Twelfth  thoracic,  iliac  branch 
Uio-hyj^ogastric,  iliac  branch 
Posterior  j^rimary 

luml»ar  . 
Posterior  primary 

sacral 
Posterior  primary 

coccygeal ..... 
Small  sciatic  :  gluteal,  and  femoral 

branches  .       .  ... 
Internal  saphenous 

Patellar  branch 
Musculo-cutaneous 
Peroneal,  sural  branches 
Internal  sajDhenous 
Anterior  tibial  .  .  .  . 
Musculo-cutaneous 
External  saphenous 


divisions, 
divisions, 
divisions, 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 
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n.  Lower  Limb. 

A.  Cutaneous  Nerves. 
2.  Ventral  Surface. 

{Inner  side  and  hack  of  thigh,  hack  of  leg,  and  sole  of  foot.) 


Regions. 


Nerves. 


Inner  side 
and  back  of 
thigh 


Back  of  leg 


r  Inner  side  of 
thigh 

(preaxial) 

Back  of  thigh 

(postaxial) 


Inner  side 
(preaxial) 


\  Ilio-ingiiinal 
/  Obturator 


Sole  of  foot 


Outer  side 
{postaxial) 


I  Small  sciatic,  femoral  branches 

Peroneal,  sural  branches  . 
Peroneal,  communicans  fibularis 
Small  sciatic 
External  saphenous 
Internal  saphenous 
Posterior  tibial,  calcanean 
Internal  plantar  . 
Great  toe,  inner  side . 

„       „   outer  side . 
Second  toe,  inner  side 
„       „    outer  side 
Third  toe,  inner  side 
„       „    outer  side 
Fourth  toe,  inner  side 
External  plantar  . 
Fourth  toe,  outer  side 
Fifth  toe,  inner  side  . 
„      „    outer  side  . 
External  saphenous 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


L.  1. 
L.  2.  3.  (4). 

S.  1.  2.  3. 

}l.  (4).  5.  S.  1. 

S.  1.  2.  3. 

S.  1.  (2). 
L.  3.  4. 


S.  1.  2. 


L.  4.  5.  S.  1. 
L.  4.  5. 

}l.  4.  5.  S.  1. 
5.  S.  1. 

|s.  1.  2. 

i  S  1.  (2). 


IT.  Lower  Limb. 

B.  Muscular  Nerves. 
1.  Dorsal  Surface. 

{Front  and  outer  side  of  thigh,  hitttock,  front  and  outer  side  of  leg,  dorsum  of  foot.) 


1 

Regions. 

Muscles. 

Nerves. 

Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 

1 

Front  of  thigh 

{preaxial) 

Pectineus 
Sartorius  . 
Iliacus 
Psoas 

Quadricejjs  extensor 
Vastus  internus  . 
Pectus  fenioris 

^ 

>  Anterior  crural 

}l.  2.  3. 
|l.  2.  3.  4. 

-L.  3.  4. 

Buttock  and  outer  side  of  thigh] 

(postaxial) 

Crureus 

Vastus  externus  . 
Tensor  fasciae  femoris 
Gluteus  minimus 
„  medius 
„      maximus  . 
Biceps,  short  head  . 
Pyriformis 

1 

|su2)erior  gluteal 

Inferior  gluteal  . 
Peroneal 
Sacral  j^lexus 

1    L.  4.  6.  S.  1 

]        L.  5.  S.  1.  2. 
J  1 
S.  1.  2. 

670 


THE  NEKYOUS  SYSTEM. 
1.  Dorsal  Surface — continued. 


Regions. 


Front  of  leg 


Dorsum  of  foot 


Inner  side 

{preaxial) 


Outer  side 
(postaxial) 


Muscles. 


Tibialis  anticus 

Extensor  proprius 
hallucis 

Extensor  longus 
digitorum 

Peroneus  tertius 

Peroneus  longus 

Peroneus  brevis 

Extensor  brevis  digi- 
torum . 


Nerves. 


Anterior  tibial  . 


Musculo-cutaneous 
Anterior  tibial  . 


Spinal  Origins. 

Preaxial  Nerves. 


L.  4.  5.  S.  1. 


XL  Lower  Limb. 

B.  Muscular  Nerves. 
2.  Ventral  Surface. 

{Inner  side  and  hack  of  thigh,  hack  of  leg,  and  sole  of  foot.) 


Regions. 


Thigh  and 
buttock 


Thigh,  inner 
side 


(preaxial)  |^ 

ligh,  outer  j 
side 

(postaxial)  I 


Buttock 


Back  of  leg 


Muscles. 


Nerves. 


Obturator 


Sole  of  foot 


Inner  side 
(preaxial) 


Outer  side 
(postaxial) 


Adductor  longus 

Gracilis  . 

Adductor  brevis 

Obturator  externus  . 

Adductor  magnus  . 

Adductor  magnus  . 

Semi-membranosus  . 

Semi-tendinosus 

Biceps,  long  head  . 

Quadratus  femoris 
and  superior  gem- 
ellus 

Inferior  gemellus 
and  obturator  in- 
ternus  . 

Plantaris  . 

Popliteus . 

Flexor  longus  digi- 
torum . 

Tibialis  posticus 

Flexor  longus  hal- 
lucis 

Soleus 

Soleus 

Gastrocnemius  (each  |  j-  Tibial 
head)  . 

Abductor  hallucis  . 

Flexor  brevis  digi- 
torum . 

Flexor  brevis  hal- 
lucis 

First  lumbricalis 

Second,  third,  and 
fourth  lumbricales 

Flexor  accessorius  . 

Adductores  hallucis . 

Interossei 

Flexor  brevis  minimi 

digiti  . 
Abductor  minimi 

digiti  . 


I  Nerve  to  ham- 
j      strings  . 


Sacral  j^lexus 


Tibial 


Posterior  tibial 


Internal  plantar 


Spinal  Origins. 

Preaxial  Postaxial 
Nerves.  Nerves. 


L.  2.  3. 
y  L.  2.  3.  4. 
L.  3.  4. 

L.  4.  5.  S.  1. 
L.  5.  S.  1.  2. 
S.  1.  2.  3. 

L.  4.  5.  S.  1. 


S.  1.  2.  3. 
L.  4.  5.  S.  1. 
L.  5.  S.  1. 

L.  5.  S.  1.  2. 

S.  1.  2. 

I  L.  4.  5.  S.  1. 


>  External  plantar  j  V 


S.  1.  2. 
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A.  Innervation  of  the  Muscles  of  the  Limbs.— The  following  laws  appear  to  be  applicable 
to  the  upper  and  lower  limbs  alike  : — 

1.  No  limh-musde  receives  its  nerve-supply  from  ^^osterior  primary  divisions. 

2.  The  dorsal  and  ventral  strata  of  muscles  are  always  supplied  by  the  corresponding  dorsal  and 
ventral  branches  of  the  nerves  concerned.  The  ventral  muscular  stratum  is  more  extensive  than  the 
dorsal;  the  ventral  nerves  are  the  more  numerous.,  and  the  additional  nerves  are  postaxially  placed. 
The  spinal  nerves  supplying  muscles  of  the  upper  limb  are  C.  5,  6,  7,  8  (dorsal),  and  C.  5,  6,  7,  8, 
T.  1  (ventral)  ;  the  nerves  for  the  muscles  of  the  lower  limb  are  L.  2,  3,  4,  5,  S.  1,  2  (dorsal),  and 
L.  2,  3,  4,  5,  S.  1,  2,  3  (ventral). 

3.  The  dorsal  and  ventral  trunks-  of  the  nerves  are  distributed  in  the  limb  in  a  continuous, 
segmental  manner  ;  so  that,  "  of  two  muscles,  that  nearer  the  head  end  of  the  body  tends  to  be 
supplied  by  the  higher  nerve,  and  that  nearer  the  tail  end  by  the  lower  nerve  "  (Herringham). 

4.  The  nerves  placed  most  centrally  in  the  plexus  extend  furthest  into  the  limb,  and  the  more 
preaxial  nerves  terminate  sooner  in  the  limb  than  the  more  postaxial  nerves. 


Upper  Limb. 


Dorsal  Surface. 

Muscles  of  shoulder    .  C. 
„        arm   .       .  C. 
forearm     .  C. 


Ventral  Surface. 


Muscles  of  tliigli  and 

buttock  .  .  .  L.  2, 
Muscles  of  leer  and  foot    L.  4, 


5,  6, 


8.           Muscles  of  chest  .  C. 

„        arm  .  C. 

„        forearm  .  C. 

„        hand  .  C. 

Lower  Limb. 

Muscles  of  thigh  .  L. 

5,  S.  1,  2.             „       leg  .  L. 

1.                       „       foot  .  L. 


T.  1. 


5,  6,  7. 

6,  7,  8,  T.  1. 
6,  7,  8  (T.  1). 

2,  3,  4,  5,  S.  1, 

4,  5,  S.  1,  2. 

5,  S.  1,  2. 


2,  3. 


The  only  exception  to  this  rule  is  on  the  ventral  (anterior)  surface  of  the  upjjer  arm,  where  a 
suppression  of  the  muscle  elements  leads  to  an  absence  of  the  regular  series  of  segmental  nerves 
^C.  8,  T.  1)  on  its  postaxial  border.    These  nerves  reappear  in  the  forearm,  and  the  occasional 


C.3 
4 

5 
6 
7 
8 


DORSAL  SURFACE 
ShouldeT-         Aryn  Jorearm. 

Hand 

\  ) 

} 

\ 

\                 \  ) 

1 

Chest 

VENTRAL  SURFACE 

u4rm.  Forearm 

irand 

i 

DORSAL  SURFACE 

ThigTt   &■  Buttock  Leff 


LOITER  L/MB 


VENTRAL  SURFACE 

Thigh  Zee/ 


L2 

3 
4 
5 
S.I 
2 


L.2 
3 
4 
5 

S.I 
2 
3 


Fig.  516. — Scheme  of  the  segmental  distribution  of  the  muscular  nerves  of  the  upper  and  lower  limbs. 

"  axillary  arches "  may  be  regarded  as  the  muscular  elements  usually  suppressed,  and,  when 
present,  supplied  by  these  nerves. 

Muscles  with  a  Double  Nerve-supply. — The  existence  of  more  than  one  nerve  to  a  muscle 
indicates  usually  that  the  muscle  is  composite  and  is  the  representative  of  originally  sejDarate 
elements,  belonging  to  more  than  one  segment  or  to  both  surfaces  of  the  limb.  In  the  case  of 
the  pectoralis  major,  subscajjularis  and  flexor  profundus  digitorum,  adductor  magnus,  and  soleus, 
parts  of  the  same  (ventral  or  dorsal)  stratum  have  fused,  to  form  muscles  innervated  from  the 
corresponding  ventral  or  dorsal  nerves.  The  other  muscles  having  a  double  nerve-suf)ply — 
brachialis  anticus,  biceps  flexor  cruris,  and  (sometimes)  pectineus — are  examples  of  fusion  at  the 
preaxial  or  postaxial  border  of  muscular  elements  derived  from  the  dorsal  and  ventral  surfaces  of 
the  limb,  which  are  correspondingly  innervated  by  branches  from  both  dorsal  and  ventral  series  : 
e.g.  the  brachialis  anticus  is  iimervated  by  the  musculo-cutaneous  and  musculo-sjDiral  nerves  ;  the 
biceps  flexor  cruris,  by  the  peroneal  (short  head)  and  tibial  (long  head)  nerves  ;  and  the  jjectineus, 
by  the  anterior  crural  and  (sometimes)  obturator  nerves. 

B.  Innervation  of  the  Skin  of  the  Limbs. — While  the  scheme  of  cutaneous  innervation  of 
the  limbs  is  fundamentally  segmental,  yet  the  arrangement  is  confused  and  complicated  by 
various  causes.  The  growth  of  the  limb  from  the  trunk  has  caused  the  skin  to  be  drawn  out 
over  it  like  a  stretched  sheet  of  india-rubber  (Herringham),  and  at  the  same  time  the  extent  of 
the  dorsal  area  of  the  limb  is  increased  at  the  expense  of  the  ventral  area.  The  central  nerves  of 
the  plexus  remain  buried  deej^ly  in  the  substance  of  the  limb,  only  coming  to  the  surface  towards 
the  periphery.    The  proximal  parts  of  both  surfaces  of  the  limb  thus  become  innervated  by 
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cutaneous  nerves  otherwise  not  necessarily  concerned  in  the  innervation  of  the  limbs.  Herring- 
ham  has  shown  that — (A)  Of  tivo  spots  on  the  sMn,  that  nearer  the  preaxial  border  tends  to  he 
supplied  by  the  higher  nerve.  (B)  Of  two  spots  in  the  preaxial  area,  the  lower  tends  to  be  supplied  by 
the  loiver  nerve ;  and  of  two  spots  in  the  postaxial  area,  the  lower  tends  to  be  supplied  by  the  higher 
nerve.  In  other  words,  from  the  root  of  the  limb  down  the  preaxial  border  to  its  distal  extremity, 
and  up  the  postaxial  border  to  the  root  of  the  limb  again,  there  is  a  definite  numerical  sequence 
of  sjDinal  nerves  supplying  skin  areas  through  nerves  of  the  limb-j^lexuses.  A  similar  numerical 
sequence  in  the  arrangement  of  the  nerves  is  also  found  extending  over  the  dorsal  and  ventral 
surfaces  of  the  limbs  from  preaxial  to  postaxial  border,  except  in  certain  situations. 

On  the  dorsal  and  ventral  surfaces  of  both  upper  and  lower  limbs  there  is  a  hiatus,  for  a 
certain  distance,  in  the  numerical  sequence  of  the  sjDinal  nerves  in  their  cutaneous  distribution, 
explicable  on  t]ie  ground  that  the  central  nerves  of  the  plexus,  which  fail  to  reach  the  surface  in 
these  situations,  are  replaced  by  cutaneous  branches  from  neighbouring  nerves.  Tliis  hiatus  has 
been  named  the  axial  area  or  line. 

In  the  upper  limb,  the  dorsal  axial  area  or  line  extends  from  the  middle  line  of  the  back, 
opposite  the  vertebra  prominens,  to  the  insertion  of  the  deltoid. 

The  ventral  axial  area  or  line  extends  anteriorly  from  the  middle  line  of  the  trunk,  at  the 
manubrio-sternal  joint,  across  the  chest,  down  the  front  of  the  arm  and  forearm  to  the  wrist. 

In  the  lower  limb,  the  dorsal  axial  area  or  line  may  be  traced  from  the  middle  line  of  the 
back  over  the  posterior  superior  iliac  spine,  across  the  buttock  and  thigh,  to  the  head  of  the 
fibula. 

A  ventral  axial  area  or  line  can  also  be  traced  from  the  root  of  the  penis  along  the  inner  side 
of  the  thigh  and  knee,  and  down  the  back  of  the  leg  to  the  heel. 

These  areas  or  lines  rejDresent  the  meeting-jDlace  and  overlapping  of  nerves,  which  are  not  in 
numerical  sequence  ;  and  it  is  only  at  the  peripheral  parts  of  the  limbs,  on  the  dorsal  and  ventral 
surfaces,  that  the  nerves  appear  in  numerical  sequence  from  the  j^reaxial  to  the  postaxial  border. 
In  the  case  of  the  uj)per  limb  the  hiatus  is  caused,  in  both  surfaces  of  the  limb,  by  the  absence  of 
cutaneous  branches  of  the  seventh  cervical  nerve  ;  in  the  case  of  the  lower  limb  the  hiatus  is  due 
to  the  absence  of  branches  from  the  fifth  lumbar  nerve  on  both  surfaces  of  the  limb,  and  the 
absence  of  branches  from  the  fourth  lumbar  nerve,  in  addition,  on  the  dorsal  surface. 

Understanding  the  significance  of  these  dorsal  and  ventral  axial  areas  or  lines,  and  at  the 
same  time  bearing  in  mind  the  overlapping  which  occurs  in  the  cutaneous  distribution  of  each 
spinal  nerve,  the  areas  of  skin  supj^lied  tlirough  the  limb-plexuses  can  be  mapped  out  with  con- 
siderable precision,  as  indicated  in  the  following  tables  : — 


A.  Upper  Limb. 

Cutaneous  Distribution. 


Nerves. 

Spinal  Origin. 

Distribution. 

Si,ipraclavicular  nerves 

C. 

3. 

4. 

Chest,  shoulder,   deltoid,  and 
scapular  regions. 

Circumflex  . 

C. 

5. 

6. 

Deltoid  region,  outer  side  of  arm. 

Preaxial  border 

Musculo-spiral  (ujjper 

C.  (5). 

6. 

Outer  side  and  back  of  arm  and 

from  neck  to  ^ 

external) 

forearm. 

hand 

Musculo-spiral  (lower 

C. 

6. 

7. 

8. 

Outer  side  and  back  of  elbow 

external) 
Musculo-cutaneous 

c. 

5. 

6. 

and  forearm. 
Outer  side  of  forearm,  in  front 

r  Dorsum . 
Hand  J 

and  behind. 

I 

Radial 

Ulnar  .... 

G. 
C. 

6. 
8. 

7. 

Outer  side  1  f  dorsum  of  hand, 
inner  side  j 

\ 

Musculo-cutaneous 

c. 

5. 

6. 

Ball  of  thumb. 

iPalm  ' 

Median 

Ulnar  .... 

c. 

T. 

6. 
1. 

7. 

Outer  side  \        i      <•  i  ^ 
y          •  J     "ol  imlm  01  hand, 
inner  side  )  ^ 

Thumb        C.  6.  7. 

First  finger,  C.  6.  7.  8. 

Digits 

Median 

c. 

6. 

7. 

8.  T.  1. 

Second  „     C.  7.  8.  T.  1. 

Ulnar 

c. 

8. 

T. 

1. 

Third    „     C.  8.  T.  1. 

Fourth  „  ^  m  1 
Fifth     „  f^-  ^■ 

f 

Internal  cutaneous 

c. 

8. 

T. 

1. 

Inner  side  of  forearm,  in  front 

Musculo-sijiral  (inter- 
nal) 

c. 

8. 

and  behind. 

Postaxial  border 

Lesser  internal  cutane- 

T. 

1. 

Inner  side  of  arm. 

from  hand  to 

■  ous 

chest 

Intercosto-humeral 

T. 

2. 

\ 

Intercosto-humeral 
Third  intercostal 
Fourth  „ 

T. 
T. 
T. 

2. 
3. 
4. 

1 

/ 

Axillary  folds. 
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B.  Lower  Limb. 

Cutaneous  Distribution. 


Nerves. 


Preaxial  border 

from  trunk  to 
foot 


Foot 


r  Dorsum 


Sole 


Digits 


Postaxial  border 

from  foot  to 
coccyx 


Iliac  brancli  of  twelfth 
thoracic 

Iliac  branch  of  ilio- 
hypogastric 

Ilio-inguinal 

Genito-crural 

External  cutaneous 

Anterior  crural  (middle 
and  internal) 

Obturator  . 

Anterior  crural  (inter- 
nal saphenous) 
Internal  saphenous 
Anterior  tibial  . 

Musculo-cutaneous 
External  saphenous  . 
Internal  plantar 
External  plantar 
Posterior    tibial  (cal- 
canean) 

Internal  and  external 
plantar 

External  saphenous 

Small  sciatic 
Perforating  cutaneous . 

Sacro-coccygeal  . 


Spinal  Origin. 


T.  12. 
L.  1. 


L.  2.  3.  (4). 

L.  3.  4. 

L.  3.  4. 

L.  4.  5.  S.  (1) 

L.  4.  5.  S.  1. 

S.  1.  (2). 

L.  4.  5.  S.  1. 

S.  1.  2. 

S.  1.  2. 


L.  4.  5.  S.  1. 

S.  1.  2. 

S.  1.  (2). 

S.  1.  2.  3. 

S.  2.  3. 

S.  4.  5.  Co.  1. 


Distribution. 


Outer  side  of  buttock. 

Outer  side  of  buttock. 

Groin  and  over  Scarpa's  triangle. 
Front  of  thigh,  upper  third. 
Front  and  outer  side  of  thigh. 
Front  and  inner  side  of  thigh, 

lower  two-thirds. 
Inner   side   of  thigh,  middle 

third. 

Knee  and  leg,  inner  side  and 

front. 
Inner  side  of  foot. 
Interval    between    first  and 

second  toes. 
Dorsum  of  foot  and  toes. 
Outer  side  of  foot. 
Inner  part  \ 
Outer  part  ^of  sole. 

Heel  and  back  part  j 

Great  toe,   L.  4.  5.  S.  1. 
Second  toe,  L.  4.  5.  S.  1. 
Third     „   L.  6.  S.  1. 
Fourth  „   L.  5.  S.  1.  2. 
Fifth      „  S.  l.  2. 
Outer  side  of  foot  and  leg,  lower 
third. 

Back  of  leg,  thigh,  and  buttock. 
Buttock  (fold  of  nates,  inner 

half). 
Anal  fold. 


Variations  in  the  Position  ob^  the  Limb-plexuses. 

Two  different  kinds  of  variations  occur  in  relation  to  the  limb-nerves. 

(1)  Individual  variations,  in  both  the  extent  of  origin  and  in  the  area  of  distribution  of  a 
given  nerve,  are  not  uncommon  ;  these  variations  are  usually  concomitant  with  compensatory 
variations  in  adjacent  nerves,  and  are  due  to  the  fibres  of  a  given  spinal  nerve  taking  an 
abnormal  course  in  the  trunk  of  another  nerve  of  distribution  and  effecting  a  communication 
with  the  ]3roper  nerve  peripherally.  In  this  way  the  variations  in  the  origin  and  distribution 
of  the  intercosto-humeral  nerve  may  be  exj)lained  ;  and,  similarly,  the  ulnar  nerve  may  have 
some  of  its  fibres  carried  as  far  as  the  forearm  incorporated  with  tlie  median  and  transferred  to 
it  by  a  communication  between  the  two  nerves  in  that  region. 

(2)  Variations  in  the  limb-plexus,  in  relation  to  the  vertebral  column,  are  the  chief  cause  of 
variations  in  the  constitution  of  the  limb-nerves.  These  variations  affect  more  or  less  the  whole 
series  of  nerves  in  the  plexus. 

The  brachial  plexus  is  subject  only  to  very  slight  variation  in  position  and  arrangement. 
It  may  be  reinforced  at  the  uj^per  end  by  a  slender  trunk  from  the  fourth  cervical  nerve,  and, 
more  frequently,  by  an  intra  -  thoracic  communication  between  the  second  and  first  thoracic 
nerves.  The  jjresence  of  one  or  other  of  these  nerves  is  an  indication  of  a  slight  tendency 
towards  a  cephalic  or  caudal  shifting  of  the  whole  plexus  in  relation  to  the  sjjinal  cord.  It  is, 
however,  never  sufficient  to  cause  the  exclusion  to  any  extent  of  the  nerves  normally  imj^licated. 
The  presence  of  a  cervical  rib  may  coincide  with  little  or  no  change  in  the  relation  of  the  nerves. 
Indeed,  the  inclusion  of  the  second  thoracic  nerve  in  the  plexus  may  be,  as  already  stated, 
merely  an  individual  variation,  a  change  m  the  path  to  the  limb  of  the  intercosto-humeral 
nerve.  Concomitant  variations  occur  among  groujos  of  nerves,  however,  which  indicate  a  certain 
tendency  to  variation  in  the  position  of  the  whole  plexus.  At  one  end,  the  suprasca2:)ular  and 
musculo-cutaneous  nerves  may  arise  from  the  fourth  and  fifth,  fifth  alone,  or  fifth  and  sixth 
cervical  nerves.  At  the  other  end  of  the  plexus,  the  musciilo-spiral  may  or  may  not  receive  a 
root  from  the  first  thoracic  nerve,  and  this  addition  is  rather  more  likely  to  occur  when  the 
second  thoracic  nerve  is  implicated  in  the  plexus. 

The  lumbo-sacral  plexus  shows  a  very  considerable  variability  in  position  and  constitution. 
Eisler  records  concomitant  variations  in  the  plexus  in  18  per  cent  of  the  cases  examined  by  him. 
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The  variations  occur  within  wide  limits.  The  plexus  may  begin  at  the  eleventh  or  t^kvelfth 
thoracic  or  lirst  lumbar  nerve.  The  last  nerve  in  the  great  sciatic  cord  may  be  the  second,  third, 
or  fourth  sacral  nerve.  The  position  of  the  n.  furcalis  is  a  guide  to  the  arrangement  of  the 
]3lexus.  It  may  be  formed  by  the  third,  third  and  fourth,  fourth,  fourth  and  fifth,  or  fifth 
lumbar  nerves.    The  resulting  variations  are  illustrated  by  the  following  extreme  cases  : — 

(1)  Prefixed  Variety.  ■  (2)  Postfixed  Variety. 
Nervus  furcalis    .       .       .       L.  3  and  4  (double).  L.  5, 

Obturator    .       .       .       .       L.  1,  2,  3.  L.  2,  3,  4,  5. 

Anterior  crural    .       .       .       T.  12,  L.  1,  2,  3,  4.  L.  2,  3,  4,  5. 

Tibial  L.  3,  4,  5,  S.  1,  2.  L.  5,  S.  1,  2,  3,  4. 

Peroneal      .       .       .       .       L.  3,  4,  5,  S.  1.  L.  5,  S.  1,  2,  3. 

Those  variations  in  the  constitution  of  the  lumbo-sacral  plexus  are  most  numerous  which 
are  due  to  the  inclusion  of  nerves  more  caudally  placed.  Thus,  out  of  twenty-two  variations 
in  the  position  of  the  7i.  furcalis,  in  nineteen  Eisler  found  it  formed  by  the  fifth  lumbar  nerve ; 
in  two  cases  only,  by  the  third  lumbar  nerve.  There  is  further  evidence  that  variations  in  the 
position  of  the  plexus  are  accomj)anied  by  variations  in  the  vertebral  column  itself  Out  of  the 
twenty -two  abnormal  j)lexuses  examined  by  Eisler,  sixteen  were  coincident  with  abnormal 
arrangement  of  the  associated  vertel:>rfe. 

Significance  of  the  Limb-plexuses. 

From  the  above  considerations,  it  is  obvious  that  something  more  than  convenience  of  transit 
for  the  spinal  nerves  to  skin  and  muscles  is  secured  by  the  formation  of  the  limb -plexuses.  It 
has  been  shown  that  by  their  combinations  in  the  plexuses,  every  spot  or  area  of  skin  in  the 
limbs  is  innervated  by  more  than  one  spinal  nerve ;  and  generally,  also,  each  limb-muscle  is 
sujDplied  by  more  than  one  spinal  nerve.  Each  cutaneous  area  and  each  limb -muscle  is  thus 
brought  into  relationship  with  a  wider  area  of  the  spinal  cord  than  would  occur  if  the 
jDlexuses  were  non-existent.  A  simultaneous  record  of  sensation  is  thus  transmitted  from  any 
given  point  on  the  surface  of  the  limb  through  more  than  one  dorsal  root ;  and  a  more  ready 
co-ordination  of  muscular  movement  is  brought  about  by  the  transmission  of  motor  impulses 
from  the  ventral  root  of  a  given  spinal  nerve  to  more  than  one  muscle  at  the  same  time.  In  a 
word,  a  plexus  exists  to  supply  the  whole  limb  and  the  limb  as  a  whole,  as  an  organ  which  has 
its  difi:erent  active  jyavts  connected  with  the  central  nervous  system  by  means  of  the  limb-jDlexus. 


THE  CKANIAL  NERVES. 


The  series  of  cranial  nerves  is  arranged  in  twelve  pairs,  which  present  strikin* 
differences  in  origin,  in  distribution,  and  in  functions. 


Number. 


Name. 


Function. 


Superficial  Attachment 
to  Brain. 


I. 
II. 

HI. 

Olfactory 
Optic  . 
Oculo-motor 

IV. 

Trochlear 

V. 

Trigeminal  . 

VI. 

Abducent 

VII. 

Facial  . 

VIII. 

Auditory 

IX. 
X. 

Glossopharyngeal 
Pneumogastric  . 

XL 

Spinal  accessory 

XII. 


Hypoglossal 


Smell  

Sight  

Motor  to  the  muscles  of  eyeball  and 
orbit 

Motor  to  superior  oblique  muscle  of 
eyeball 

Sensory  to  face,  tongue,  and  teeth  ; 

motor  to  muscles  of  mastication 
Motor  to  external  rectus  muscle  of 

eyeball 

Motor  to  muscles  of  scalp  and  face, 

sensory  to  tongue 
Hearing  and  equilibrium 

Sensory  to  tongue  and  pharynx 
Sensory  to  j)harynx,  oesophagus  and 
stomach,  and  respiratory  organs 

(a)  Accessory  to  vagus. — Motor  to 
muscles  of  palate,  pharynx,  oeso- 
phagus, stomach  and  intestines, 
and  respiratory  organs ;  inhibitory 
for  heart 

(b)  Spinal  part :  motor  to  trapezius 
and  sterno -mastoid  muscles 


Olfactory  bulb. 
Optic  thalamus. 
Crus  cerebri. 

Superior  medullary 

velum. 
Pons  Varolii. 

Junction  of  pons  and 

medulla. 
Posterior    border  of 

pons  Varolii. 
Posterior    border  of 

-pons  Varolii 
Medulla  oblongata. 
Medulla  oblongata. 

Medulla  oblongata. 


Spinal  cord. 
Medulla  oblongata. 


THE  EIEST  OR  OLFAOTOEY  NERVE. 
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The  deep  cerebral  connexions  of  the  cranial  nerves  are  dealt  with  in  the 
section  which  treats  of  the  Brain  (pp.  514  and  540).  Certain  general  points  in 
connexion  with  these  nerves  are  also  touched  upon  in  the  chapter  introductory  to 
the  Nervous  System  (p.  443). 


The  First  oe  Olfactory  Nerve. 


The  olfactory  nerve  (n.  olfactorius)  consists  of  several  parts  :  (1)  a  series  of  fine 


nerves,  which  arise  from  (2)  the  olfactory  bulb. 


This  again 


is  connected  by  (3) 


Olfactory  bulb 


Olfactory  tra( 


Olfactory  tubercle 
Optic  nerve 
Optic  chiasma 

Oculo-motor  nerve 
Trochlear  nerve 

Trigeminal  nerve 
Abducent  nerve 
Facial  nerve 
Pars  intermedia 
Auditory  nerve. 


Olfactory  bulb 


Olfactory  tract 
Broca's  area 
Olfactory  tubercle 
Mesial  root  of  olfactory 
erve 

Lateral  root 
Optic  chiasma 
Ant.  perforated  spot 
Temporal  lobe  (cut) 


Trochlear  nerve 
Tisnia  semicircularis 
Trigeminal  nerve 
Ext.  geniculate  body 
Abducent  nerve 
Int.  geniculate  body 
Pulvinar 
Facial  nerve 
Pars  intermedia 
(;-\ Auditory  nerve 
■  Lateral  ventricle 
Mill,  cerebellar  peduncle 

Glosso-pharyngeal  nerve 

Vagus  nerve 
Spinal  accessory  nerve 
(accessory) 

Spinal  accessory  nerve 
(spinal) 

Occipital  lobe  (cut) 


Glosso-pharyngeal  ner> 

Vagus  nervi 
Spinal  accessory  nerve  (accessory) 

Spinal  accessory  nerve  (spinal)  | 
Hypoglossal  nerve 

Fig.  517. — View  of  the  Under  Surface  of  the  Brain, 
with  the  lower  portion  of  the  temporal  and  occipital  lobes,  and  the  cerebellum  on  the  left  side  removed, 
to  show  the  origins  of  the  cranial  nerves. 

the  olfactory  tract  with  the  brain,  to  which  it  is  attached  by  (4)  two  roots  (Fig.  517). 

The  anatomy  of  the  roots,  tract,  and  bulb  of  the  olfactory  nerve  are  described 
elsewhere  (pp.  569  and  587). 

The  olfactory  nerves,  about  twenty  in  number,  arise  from  the  under  surface  of 
the  olfactory  bulb.  The  fibres  are  non-medulla  ted.  Piercing  the  cribriform  plate 
of  the  ethmoid  bone,  enveloped  in  sheaths  of  dura  mater,  they  are  distributed  in 
the  nasal  cavity  as  the  nerves  of  smell.  The  fibres  form  fine  plexuses  over  a  limited 
area  on  the  upper  portion  of  the  nasal  septum,  and  to  even  a  less  extent  over  the 
outer  wall  of  the  nose. 

The  Second  or  Optic  Nerve. 

The  optic  nerve  (n.  opticus)  arises  from  the  brain  by  means  of  the  optic  tract 
(Fig.  551).    This  takes  origin  from  the  external  and  internal  geniculate  bodies, 


Hypoglossal  nerv( 
Spinal  cord 
Vermis  of  cerebellum  (cut) 
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situated  on  the  under  surface  of  the  optic  thalamus  at  its  posterior  end,  and  also 
from  the  brachium  of  the  upper  of  the  two  corpora  quadrigemina  {vide  pp.  532 
and  551).    The  optic  tract  reaches  the  base  of  the  brain  after  sweeping  round 


'      Olfactory  nerves 

Superior  nasal  nerve  Branches 
\        Inferior  nasal  nerve 


01  factor 


Fig.  518. — Innervation  of  the  Nasal  Cavity. 

between  the  crus  cerebri  and  the  hippocampal  convolution  of  the  temporal  lobe. 
The  two  optic  tracts  converge  in  front  of  the  inter-peduncular  space,  internal  to 
the  anterior  perforated  spot  and  the  termination  of  the  internal  carotid  artery, 
_  and  unite  to  form  the  optic  chiasma  or 

commissure.  This  adheres  to  the  under 
surface  of  the  floor  of  the  third  ventricle  in 
front  of  the  tuber  cinereum,  and  gives 
rise  at  each  end  to  the  optic  nerve.  The 
optic  nerve,  directed  outwards  and  for- 
ward, pierces  the  dura  mater,  and  passes 
from  the  cranial  cavity  into  the  orbit 
through  the  optic  foramen  in  company  with 
the  ophthalmic  artery.  In  the  orbit  the 
nerve  is  imbedded  in  the  fat  behind  the 
eyeball,  and  is  surrounded  by  the  ocular 
muscles.  It  is  connected  with  the  globe  of 
the  eye  at  a  point  one-eighth  of  an  inch 
on  the  inner  side  of  the  axis  of  the  eyeball. 
After  piercing  the  fibrous  and  vascular  coats, 
the  nerve  spreads  out  at  the  optic  disc  to 
form  the  innermost  layer  of  the  retina. 
In  the  orbit  the  nerve  is  crossed  by  the 
ophthalmic  artery  and  the  nasal  nerve,  and 
nearer  to  its  termination  it  is  surrounded 
by  the  ciliary  vessels  and  nerves,  and  by 
the  capsule  of  Tenon.  It  is  pierced  ob- 
liquely on  its  under  surface  by  the  central 
artery  of  the  retina. 

Decussation  in  the  Optic  Commissure. — In 

the  oj^tic  commissure  the  fibres  of  tlie  two  optic 
tracts  sejDarate,  the  inner  half  of  each  tract  de- 
cussating to  form  the  mesial  half  of  the  opjiosite 
optic  nerve.  The  other,  outer  hah'  of  each  tract, 
continues  its  course  to  form  the  outer  half  of  the 
optic  nerve  on  the  same  side.  At  the  back  of 
the  commissure  another  bundle  of  fibres  is  found 
passing  from  tract  to  tract  behind  the  decussating  fibres,  and  known  as  Gudden's  commissure 
(see  p.  552). 

The  Third  or  Oculo-motor  Nerve. 
The  oculo-motor  nerve  (n.  oculo-motorius)  arises  from  the  brain,  in  the  region 
of  the  posterior  perforated  spot,  by  several  radicles  emerging  from  the  oculo-motor 


CORP.GEN.INT. 


Fig.  519. — Diagram  of  the  Central  Connexions 
OF  THE  Optic  Nerve  and  Optic  Tract. 


THE  THIED  OE  OCULO-MOTOE  NEEVE. 
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sulcus,  on  the  inner  side  of  the  crus  cerebri,  just  in  front  of  the  pons  VaroHi  (Fig. 
517).  Passing  forwards  between  the  posterior  cerebral  and  superior  cerebellar 
arteries,  the  nerve  pierces  the  dura  mater  on  the  outer  side  of  the  posterior  clinoid 
process,  in  a  small  triangular  space  between  the  free  and  attached  borders  of  the 
tentorium  cerebelli.  Beneath  the  dura  mater  the  nerve  courses  through  the  outer 
wall  of  the  cavernous  sinus,  and  enters  the  orbit  through  the  sphenoidal  fissure 


Internal  carotid  artery 
Trochlear  nerve 
Oculo-motor  nerve  ' 


Optic  nerve 
j     Ophthalmic  artery 


Diaphragma  sellpe 


Pituitary  fossa— 


Sphenoidal  sinus- 


Sphenoid  bone- 


Internal  carotid  artery    ^  ■  ^  •^/^'l''^' 
Abducent  nerve 

Cavernous  sinus 
Ophthalmic  division  of  trigeminal  nerve 
Superior  maxillary  division  of  trigeminal  nerve  i 
Inferior  maxillary  division  of  trigeminal  nerve 


Anterior  clinoid  process 
Trochlear  nerve 


uMiial  blanch 


Oculo-motor  nerve 
(superior  division) 

iXasal  branch  of  ophthalmic 
nerve 
Oculo-motor  nerve 

ntenor  division) 
Abducent  nerve 

Superior  maxillary  division  of 
trigeminal  nerve 


^    Foramen  ovale 

Inferior  maxillary  division  of  trigeminal  nerve 
Motor  root 


Fig.  520. — Relations  of  Structures  in  the  Cavernous  Sinus  and  Sphenoidal  Fissure. 


and  between  the  two  heads  of  the  external  rectus  muscle.  As  it  enters  the  orbit 
it  divides  into  upper  and  lower  branches,  separated  by  the  nasal  nerve. 

Branches. — The  superior  branch  of  the  nerve  supplies  two  muscles  of  the  orbit 
— the  superior  rectus  and  the  levator  palpebrae  superioris. 

The  inferior  branch 
passes  forwards,  and  after 
giving  branches  to  the 
internal  and  inferior  recti, 
ends  in  the  inferior  oblique 
muscle.  The  short  root  of 
the  ciliary  ganglion  arises 
from  the  terminal  branch 
which  goes  to  the  last- 
named  muscle. 


Posterior 
commissure 


Pineal  body 


Corpora 
quadrigemina 


Optic  thalamus 

— 'Brachia  conjunctiva 
Fourth  nerve 
Fillet 


Frenulum  veli 
Superior  medullary  velum 


Superior  peduncle  of 
cerebellum 
Crus  cerebri 

Lingula 


Communications. — 1.  In 

the  cavernous  sinus  the  third 
nerve  communicates  with  the 
cavernous  plexus  on  the  in- 
ternal carotid  artery.  2.  In 
the  cavernous  sinus  it  also 
receives  a  slender  communi- 
cation from  the  ophthalmic 
division  of  the  fifth  nerve.  3.  The  short  root  of  the  ciliary  ganglion  passes  upwards 
from  the  branch  of  the  nerve  which  supplies  the  inferior  oblique  muscle. 


Fig.  521.- 


-DoRSAL  Surface  of  the  Mid-Brain,  to  show  the  origin 
of  the  trochlear  (fourth)  nerve. 


The  Fourth  or  Trochlear  Nerve. 

The  trochlear  nerve  (n.  trochlearis  or  patheticus)  emerges  from  the  dorsal 
surface  of  the  mid-brain.  It  springs  at  the  side  of  the  frenulum  from  the 
anterior  end  of  the  superior  medullary  velum,  just  behind  the  corpora  quadri- 
gemina (for  deep  origin,  see  p.  540).  It  is  extremely  slender,  and  of  consider- 
able length.  Passing  round  the  crus  cerebri,  the  nerve  appears  in  the  base  of 
the  brain  behind  the  optic  tract,  in  the  interval  between  the  crus  cerebri  internally 
and  the  temporal  lobe  of  the  cerebrum  externally.  Continued  forwards  to  the  base 
of  the  skull,  it  pierces  the  free  border  of  the  tentorium  cerebelli,  on  the  outer  side 
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of  the  third  nerve,  and  proceeds  forwards  in  the  outer  wall  of  the  cavernous  sinus, 
to  the  sphenoidal  fissure  lying  between  the  third  and  ophthalmic  nerves.  It 
enters  the  orbit  above  the  muscles  of  the  eyeball,  and  terminates  in  the  orbital 
(superior)  surface  of  the  superior  oblique  muscle. 

Communications. — In  the  cavernous  sinus  the  nerve  receives  (1)  a  communicating 


Olfactory  bulb 


Optic  nerve 

Optic  comiiilssure 
Anterior  cerebral 
artery 
Middle  cerebral 
artery 
Posterior 
comnmni- 
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Fig.  522. — The  Base  of  the  Skull,  to  shoAv  the  dura  mater,  sinuses,  arteries,  and  nerves. 


branch  from  the  cavernous  or  carotid  plexus  on  the  internal  carotid  artery,  and  (2)  a 
slender  filament  from  the  ophthalmic  division  of  the  fifth  nerve. 


The  Fifth,  Trigeminal  or  Trifacial  Nerve. 

The  trigeminal  nerve  (n.  trigeminus)  arises  from  the  surface  of  the  pons 'Varolii  in 
its  outer  part  by  two  roots,  a  large  sensory  root  (portio  major)  and  a  small  motor  root 
(portio  minor)  (Fig.  517,  p.  675).  The  two  roots  proceed  forwards  in  the  posterior 
fossa  of  the  base  of  the  skull,  and  piercing  the  dura  mater  beneath  the  attachment 
of  the  tentorium  cerebelli  to  the  superior  border  of  the  petrous  portion  of  the 
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temporal  bone,  enter  a  cavity  in  the  dura  mater  (cavum  Meckelii)  over  the  apex  of 
the  petrous  bone.  The  large  sensory  root  gradually  conceals  the  small  motor  root 
in  its  course  forwards,  and  expands  beneath  the  dura  mater  into  a  large  flattened 
ganglion, — the  Gasserian  ganglion  (ganglion  semilunare).  This  ganglion  occupies 
an  impression  on  the  apex  of  the  petrous  portion  of  the  temporal  bone^nd  f rom  i t^ 
three  large  trunks  arise — the  ophthalmic 
or  first,  the  superior  maxillary  or  second, 
and  the  inferior  maxillary  or  third 
divisions  of  the  nerve.  The  small 
motor  root  of  the  nerve  passes  forward 
beneath  the  Gasserian  ganglion,  and  is 
wholly  incorporated  with  the  inferior 
maxillaixdid^i^n_ofthe_n^^ 

Ophthalmic  Division  (n.  ophthal- 
micus).— The  ophthalmic  nerve  passes 
forwards  to  the  orbit  through  the  middle 
fossa  of  the  base  of  the  skull,  beneath 
the  dura  mater.  It  lies  in  the  outer 
wall  of  the  cavernous  sinus,  at  a  lower 
level  than  the  fourth  nerve,  and  reaches 
the  orbit  through  the  sphenoidal  fissure 
(Fig.  520). 

In  the  imll  of  the  cavernous  sinus  the 
ophthalmic  nerve  gives  off  (1)  a  small 
recurrent  branch  to  the  dura  mater  (n, 
tentorii),  (2)  communicating  branches  to 
the  cavernous  plexus  of  the  sympathetic 
on  the  internal  carotid  artery,  and  (3) 
small  communicating  twigs  to  the  trunks 
of  the  third,  fourth,  and  sixth  nerves. 

In  the  sphenoidal  fissure  the  nerve 
divides  into  three  main  branches — 
lachrymal,  frontal,  and  nasal  (Fig.  524). 

The  lachrymal  nerve  (n.  lacrymalis) 
enters  the  orbit  through  the  outer  angle  ophth,  Ophthai 
of  the  sphenoidal  fissure,  above  the  ^ ' 

orbital  muscles.  Passing  forwards  be- 
neath the  periosteum  to  the  anterior 
part  of  the  orbit,  the  nerve  ends  by 
supplying  branches  {a)  to  the  lachrymal 
gland,  (6)  to  the  conjunctiva,  and  (c) 
to  the  skin  of  the  outer  canthus  of 
the  eye. 

The  lacliiymal  nerve  communicates  in  the 
orbit  with  the  orbital  branch  of  the  superior 
maxillary  nerve,  and  on  the  face,  by  its  terminal 
61  the  facial  nerve  (Fig.  523). 
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Fig.  523. — Distribution  of  Sensory  Nerves  to  the 
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trochlear  branch  ;  S.O,  Supra  -  orbital  branch  ;  I.T, 
Infra-trochlear  branch  ;  L,  Lachrymal  branch  ;  N, 
External  nasal  branch  ;  Sup. Max,  Superior  maxillary 
division  ;  T,  Temporal  branch  ;  M,  Malar  branch  ; 
I.O,  Infra-orbital  branch  ;  Inf.Max,  Inferior  maxillary 
division  ;  A.T,  Auriculo-temporal  branch  ;  B,  Buccal 
branch  ;  M,  Mental  branch  ;  C2,  3,  Branches  of  the 
second  and  third  cervical  nerves  ;  G.  0,  Great  occipital 
nerve  ;  S.O,  Small  occipital  nerve  ;  G.A,  Great 
auricular  nerve  ;  S.C,  Superficial  cervical  nerve  ;  C3, 
Least  occipital  nerve  ;  4,  5,  6,  Posterior  primary 
division  of  4th,  5th,  and  6th  cervical  nerves. 


branches,  wdtli  the  temporal  branches 


The  frontal  nerve  (n.  frontalis),  entering  the  orbital  cavity  through  the 
sphenoidal  fissure,  courses  forwards  above  the  ocular  muscles,  and  divides  at  a 
variable  point  into  two  branches — a  larger  supra-orbital  and  a  smaller  supra- 
trochlear nerve.  The  supra-orbital  nerve  (n.  supra-orbitalis)  passes  directly  forwards, 
and  leaves  the  orbit  through  the  supra-orbital  groove  or  foramen  to  ^-each  the  fore- 
head. It  gives  off  the  following  secondary  branches :  (1)  the  principal  branches 
(rr.  frontales)  are  distributed  to  the  forehead  and  scalp,  reaching  backwards  as  far 
as  the  vertex  ;  (2)  small  branches  supply  the  upper  eyelid :  and  (3)  twigs  are 
distributed  to  the  frontal  sinus.  On  the  forehead  the  supra-orbital  nerve  com- 
municates with  the  temporal  branches  of  the  facial  nerve.  The  supra-trochlear 
nerve  (n.  supra-trochlearis)  courses  obliquely  forwards  and  inwards  over  the  tendon 
47  & 
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of  the  superior  oblique  muscle  to  reach  the  inner  side  of  the  supra-orbital  arch. 
Leaving  the  cavity  of  the  orbit,  the  nerve  is  distributed  to  the  skin  of  the  mesial 
part  of  the  forehead,  the  root  of  the  nose,  and  the  inner  canthus  of  the  eye. 

It  communicates  with  the  infra-trochlear  branch  of  the  nasal  nerve,  either  before  or 
after  leaving  the  orbital  cavity. 

The  nasal  nerve  (n.  naso-ciliaris)  enters  the  orbit  through  the  sphenoidal 
fissure,  between  the  heads  of  the  external  rectus  muscle,  and  between  the  two 
divisions  of  the  third  nerve  (Fig.  520,  p.  677).  It  crosses  the  orbital  cavity 
obliquely  to  reach  the  anterior  ethmoidal  foramen,  lying  in  its  course  below  the 
superior  rectus  and  superior  oblique  muscles,  and  above  the  optic  nerve  and  internal 
rectus  muscle.  The  nerve  is  transmitted  through  the  anterior  ethmoidal  foramen 
into  the  cranial  cavity,  where  it  lies  on  the  cribriform  plate  of  the  ethmoid  bone. 

It  enters  the  nasal  cavity 
through  the  nasal  fissure,  and 
terminates  by  dividing  into 
internal  and  external  branches. 
The  internal  division  supplies 
the  mucous  membrane  over  the 
upper  and  anterior  part  of  the 
nasal  septum  (rr.  mediales). 
The  external  branch,  after 
supplying  collateral  offsets  to 
the  outer  wall  of  the  nose  (rr. 
laterales),  finally  appears  on 
the  face  between  the  nasal 
bone  and  lateral  cartilage,  and 
supplies  branches  to  the  skin 
of  the  lower  part  and  tip  of 
the  nose. 

The  branches  of  the  nasal 
nerve  may  be  divided  into 
three  sets,  arising  (a)  in  the 
orbit,  (b)  in  the  nose,  and  (c) 
on  the  face. 

In  the  brhit  the  branches 
are  given  off  in  three  situa- 
tions— external  to,  over,  and 
internal  to  the  optic  nerve. 
(a)  As  the  nasal  nerve  lies 
external  to  the  optic  nerve, 
it  gives  oh'  the  long  root  of  the 
ciliary  ganglion  (radix  longa). 
(jb)  As  it  crosses  the  optic  nerve  two  long  ciliary  branches  (nn.  ciliaris  longi)  arise, 
and  pass  forwards  alongside  the  optic  nerve  to  the  eyeball,  (c)  On  the  inner  side 
of  the  optic  nerve  the  infra-trochlear  nerve  (n.  infra-trochlearis)  arises,  a  slender 
branch  which  courses  forward  beneath  the  pulley  of  the  superior  oblique  muscle  to 
the  front  of  the  orbit.  It  ends  on  the  face  by  supplying  the  skin  of  the  root  of  the 
nose  and  the  eyelids,  and  communicates  either  in  the  orbit  or  on  the  face  with 
the  supra-trochlear  nerve.  On  the  face  it  also  communicates  with  infra-orbital 
branches  of  the  facial  nerve. 

In  the  nose  the  internal  nasal  branch  supplies  the  mucous  membrane  of  the 
fore-part  of  the  nasal  septum ;  the  external  nasal  branch  supplies  the  fore-part  of 
the  outer  w^all  of  the  nose. 

On  the  face  the  terminal  filaments  of  the  nerve  are  distributed  to  the  skin  of 
the  lower  half  and  tip  of  the  nose.  The  superficial  terminal  branch  communicates 
with  the  infra-orbital  branches  of  the  facial  nerve  (Fig.  523). 

The  ciliary  or  lenticular  ganglion  (ganglion  ciliare)  is  associated  with  the 
nasal  branch  of  the  ophthalmic  nerve  and  with  the  lower  division  of  the  third 
nerve.    It  is  a  small  reddish  ganglion,  placed  between  the  external  rectus  muscle 


Fig.  524. — Scheme  of  the  Distribution  of  the  Ophthalmic 
Nerve. 

Vs,  Trigeminal  nerve,  afferent  root  ;  Mo,  Efferent  root;  G.G,  Gasserian 
ganglion  ;  M,  Meningeal  branch  ;  I.C,  Branch  to  internal  carotid 
artery  ;  Oph,  Ophthalmic  nerve  ;  S.M,  Superior  maxillary  nerve  ; 
I.  M,  Inferior  maxillary  nerve  ;  III,  Communication  to  oculo- 
motor nerve  ;  IV,  To  trochlear  nerve  ;  VI,  To  abducent  jierve. 
Frontal  nerve  ;  f.s.  Branches  to  frontal  sinus  ;  S.o,  Supra-orbital 
nerve  ;  S.t,  Supra-trochlear  nerve ;  L,  Branches  to  upper  eyelid. 
Nasal  nerve  ;  L.G,  Long  root  to  lenticular  ganglion  ;  Sy,  Boot 
from  sympathetic  (on  carotid  artery)  ;  III,  Short  root  from  motor 
ociili  nerve  ;  C,  Short  ciliary  branches  ;  L.  C,  Long  ciliary  nerves  ; 
I.T,  Infra-trochlear  nerve  ;  E.N,  External,  and  I.N,  Internal 
nasal  nerves.  Lachrymal  nerve  ;  0,  Orbital  branch  of  superior 
maxillary  nerve  ;  L.Gl,  Lachrymal  gland  ;  C,  Conjunctival 
branch  ;  L,  Branch  to  eyelids  and  face. 
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and  the  optic  nerve,  and  in  front  of  the  ophthalmic  artery.  Its  roots  are  three  in 
number :  (1)  sensory  or  long  (radix  longa),  derived  from  the  nasal  branch  of  the 
ophthahnic  nerve;  (2)  motor  or  short  (radix  brevis),  derived  from  the  inferior 
division  of  the  third  nerve ;  and  (3)  sympathetic,  a  slender  filament  from  the 
cavernous  plexus  on  the  internal  carotid  artery,  which  may  exist  as  an  independent 
root  or  may  be  incorporated  with  the  long  root  from  the  nasal  nerve.  The  branches 
from  the  ganglion  are  twelve  to  fifteen  short  ciliary  nerves  (nn.  ciliares  breves), 
which  pass  to  the  eyeball  in  two  groups  above  and  below  the  optic  nerve.  They 
supply  the  coats  of  the  eyeball,  including  the  iris  and  ciliary  muscles.  The  circular 
fibres  of  the  iris  and  the  ciliary  muscle  are  innervated  by  the  third  nerve  ;  the 
radial  fibres  of  the  iris  by  the  sympathetic. 

Superior  Maxillary  Division  of  the  Fifth  Nerve  (n.  maxillaris). — This  large 
nerve  courses  forwards  from  its  origin  in  the  Gasserian  ganglion  through  the  middle 
fossa  of  the  base  of  the  skull,  beneath  the  dura  mater,  and  in  relation  to  the  lower 
part  of  the  cavernous  sinus  (Fig.  520,  p.  677).  Passing  through  the  foramen 
rotundum  in  the  root  of  the  pterygoid  process,  it  traverses  the  spheno-maxillary 
fossa.    It  enters  the  orbit  as  the  infra-orbital  nerve,  through  the  spheno-maxillary 
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-Schematic  Representation  of  the  Nerves  which  traverse  the  Cavity  of  the  Orbit. 


fissure,  and  occupying  successively  the  infra-orbital  groove  and  canal,  it  finally 
appears  on  the  face  through  the  infra-orbital  foramen  (Fig.  526). 

The  branches  and  communications  of  this  nerve  occur  (a)  in  the  cavity  of  the 
cranium,  (b)  in  the  spheno-maxillary  fossa,  (c)  in  the  infra-orbital  canal,  and  (d) 
on  the  face. 

In  the  cavity  of  the  cranium  the  nerve  gives  off  a  minute  recurrent  branch  (n. 
meningeus)  to  the  dura  mater  of  the  middle  fossa  of  the  base  of  the  skull. 
(5^  In  the  spheno-maxillary  fossa  the  nerve  gives  off — (1)  two  short  thick  spheno- 
palatine nerves  (nn.  spheno-palatini),  the  short  or  sensory  roots  of  the  spheno- 
palatine (Meckel's)  ganglion.  (2)  A  posterior  dental  nerve,  which  may  be  double 
(nn.  alveolares  superiores),  descends  through  the  pterygo-maxillary  fissure  to  the 
outer  side  of  the  upper  jaw,  and  proceeds  forwards  along  the  alveolar  arch,  in 
company  with  the  posterior  dental  artery.  It  supplies  the  gum  and  the  upper 
molar  teeth  by  branches  which  perforate  the  bone  to  reach  the  alveoli.  The  nerve 
forms  a  fine  plexus  joined  by  the  middle  dental  nerve  before  finally  reaching  the 
teeth.  (3)  A  small  orbital  branch  (n.  zygomaticus)  enters  the  orbital  cavity  through 
the  spheno-maxillary  fissure,  and  proceeding  along  the  outer  wall,  communicates 
with  the  lachrymal  nerve,  and  passes  through  the  orbital  canal  in  the  malar  bone, 
where  it  divides  into  malar  and  temporal  branches.  The  malar  branch  (n.  zygo- 
matico-facialis)  appears  on  the  face,  after  traversing  the  malar  bone,  and  supplies 
the  skin  over  that  bone.  It  communicates  with  the  malar  branches  of  the  facial 
nerve.    The  temporal  branch  (n.  zygomatico-temporalis)  perforates  the  zygomatic 
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surface  of  the  malar  bone,  and  is  distributed,  after  piercing  the  temporal  fascia,  to 
the  skin  over  the  fore-part  of  the  temple.  It  communicates  with  the  temporal 
branches  of  the  facial  nerve.  It  may  be  very  minute,  and  not  pass  further  than 
the  temporal  fascia,  between  the  two  layers  of  which  it  may  form  a  communication 
with  the  facial  nerve.  (4)  The  infra-orbital  nerve  (n.  infra-orbitalis)  is  the  terminal 
branch  of  the  superior  maxillary  nerve,  which  enters  the  orbit  through  the  spheno- 
maxillary fissure  and  traverses  the  infra-orbital  canal  to  reach  the  face. 

In  the  infra-orhital  canal  the  infra-orbital  nerve  supplies  one  and  sometimes 
two  branches  to  the  teeth — the  middle  and  anterior  dental  nerves  (rr.  alveolares 
superiores  medius  and  anterior).  The  former  may  be  only  a  secondary  branch  of 
the  latter  nerve,  or  they  may  arise  independently  from  the  infra-orbital  nerve. 

However  formed, 
the  nerves  descend 
in  bony  canals  in 
the  wall  of  the  an- 
trum of  High  more 
(to  the  lining  of 
which  branches  are 
given),  and  reach 
the  alveolar  arch, 
where  they  form 
minute  plexuses 
and  supply  the 
teeth  (joining  pos- 
teriorly with  the 
branches  of  the 
posterior  dental 
nerve).  The  an- 
terior dental  nerve 
supplies  the  incisor 
and  canine  teeth ; 
the  middle  dental 
nerve  supplies  the 
premolar  teeth. 

After  emerging 
on  the  face  from  the 
infra-orbital  fora- 
infra  - 
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-Scheme  of  the  Course  and  Distribution  of  the  Superior 
Maxillary-  Nerve. 

Recurrent  branch  in  tlie  middle  fossa  of  the  skull  ;  M.G,  Meckel's  ganglion  in  H^G^^,  the 

the  spheno-maxillary  fossa  ;  S.P,  Spheno-palatine  nerves  ;  S.N,  Superior  nasal  orbital    nerve  di- 

branch  ;  Orb,  Orbital  nerve  ;  T,  Temporal,  and  M,  Malar  branches  ;  I.O,  yj(3^gg  into  a  num- 

Infra-orbital  nerve,  appearing  on  the  face  ;  P,  Palpebral  ;  N,  Nasal,  and  .  p        ^  •    f  • 

L,  Labial  branches;  A.D,  Anterior  dental  branch;  M.D,  Middle  dental  ^^^^  radiating 

branch;  N.P,  Naso-palatine  nerve  ;  P.D,  Posterior  dental  bianch  ;  I.N,  Inferior  branches  arranged 

nasal  branch  ;  L.P.P,  Large  posterior  palatine  nerve  ;  S.P. P,  Small  posterior  j^^  three    SetS  (ci) 

palatine  nerve  ;  Acc,  Accessory  posterior  palatine  nerve  ;  Vid,  Vidian  nerve  ;       i  i     4^  fV, 

Pt.Pal,  Pterygo-palatine  branch.  palpebral,    tor  IhQ 

lower  eyelid ;  (b) 

nasal,  for  the  skin  of  the  side  of  the  nose  ;  and  (c)  labial,  for  the  cheek  and  upper  lip."*' 
These  branches  form  communications  with  the  infra-orbital  branches  of  the  facial 
nerve,  and  give  rise  to  the  infra-orhital  plexus  (Fig.  523,  p.  679). 

The  spheno-palatine  or  Meckel's  ganglion  (g.  spheno-palatinum)  occupies  the 
upper  part  of  the  spheno-maxillary  fossa.    It  is  a  small  reddish-gray  ganglion,  ]|| 
suspended  from  the  superior  maxillary  nerve  by  the  two  spheno-palatine  branches*^ 
which  constitute  its  sensory  roots.    The  motor  and  sympathetic  roots  of  the  ganglion 
are  derived  from  the  vidian  nerve.    This  nerve  is  formed  in  the  cavity  of  the  skull 
upon  the  cartilage  filling  up  the  foramen  lacerum  medium,  by  the  union  of  the 
I  great  superficial  petrosal  nerve  from  the  geniculate  ganglion  of  the  facial  nerve 
/  (emerging  from  the  temporal  bone  through  the  hiatus  Fallopii)  with  the  great  deep 
I  petrosal  nerve,  a  branch  of  the  carotid  plexus  of  the  sympathetic  on  the  internal 
/  carotid  artery.    The  vidian  nerve  passes  through  the  vidian  canal  to  the  spheno- 
1  maxillary  fossa,  where  it  ends  in  Meckel's  ganglion. 
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The  branches  from  the  ganghon  are  seven  in  number.    («)  The  pterygo-palatine 

or  pharyngeal  branch  passes  backwards  through  the  pterygo-palatine  canal  to 
supply  the  mucous  membrane  of  the  roof  of  the  pharynx. 

(6)  The  posterior  palatine  nerves,  three  in  number,  are  directed  downwards  to  the 
palate  through  the  posterior  palatine  canals.  The  large  posterior  palatine  nerve  emerges 
on  the  under  surface  of  the  palate  through  the  large  posterior  palatine  canal,  and  at 
once  separates  into  numerous  branches  for  the  supply  of  the  mucous  membrane  of  the 
soft  and  the  hard  palate.  Its  anterior  filaments  communicate  with  branches  of  the 
naso-palatine  nerve.  The  main  nerve  gives  off,  as  it  lies  in  the  posterior  palatine  canal, 
a  small  inferior  nasal  nerve  which  enters  the  nasal  cavity  and  supplies  the  mucous 
membrane  of  the  lower  part  of  the  outer  wall  of  the  nose.  The  small  posterior 
palatine  nerve  descends  through  the  small  posterior  palatine  canal,  and,  piercing 
the  tuberosity  of  the  palate  bone,  is  distributed  to  the  mucous  membrane  of  the 
soft  palate,  uvula,  and  tonsil.  It  possibly  conveys  motor  fibres  to  the  levator  palati 
and  azygos  uvulse  muscles.  The  accessory  posterior  palatine  nerves  are  one  or 
more  small  twigs  which  pass  through  accessory  posterior  palatine  canals,  and 
supply  branches  to  the  mucous  membrane  of  the  tonsil,  soft  palate,  and  uvula. 

(c)  The  branches  directed  inwards  from  Meckel's  ganglion  enter  the  nasal 
cavity  through  the  spheno -palatine  foramen.  They  are  two  in  number — the 
superior  nasal  and  the  naso-palatine.  The  superior  nasal  nerve  is  a  small  nerve 
destined  for  the  mucous  membrane  of  the  upper  and  back  part  of  the  outer  wall  of 
the  nose.  The  naso-palatine  nerve,  after  passing  through  the  spheno-palatme 
foramen,  crosses  the  roof  of  the  nose,  and  extends  obliquely  downwards  and 
forwards  along  the  nasal  septum,  grooving  the  vomer  in  its  course,  to  reach  the 
incisor  foramen  near  the  front  of  the  hard  palate.  The  nerves  pass  through  the 
subordinate  mesial  foramina  (of  Scarpa),  the  left  nerve  in  front  of  the  right.  In 
the  incisor  foramen  the  two  nerves  communicate  together.  They  then  turn  back- 
wards and  supply  the  mucous  membrane  of  the  hard  palate.  They  communicate 
posteriorly  with  terminal  filaments  of  the  large  posterior  palatine  nerves.  In  its 
course  through  the  nasal  cavity  the  naso-palatine  nerve  furnishes  collateral  branches 
to  the  mucous  membrane  of  the  roof  and  septum  of  the  nose  (Fig.  518,  p.  676). 

(d)  The  orbital  branches,  one  or  more  minute  branches,  pass  upwards  to  the 
periosteum  of  the  orbit  from  Meckel's  ganglion. 

Inferior  Maxillary  Nerve  (n."  mandibularis). — The  inferior  maxillary  nerve 
is  formed  by  the  union  of  two  roots :  a  large  sensory  root,  from  the  Gasserian 
ganglion,  and  the  small  motor  root  of  the  trigeminal  nerve,  which  is  wholly 
incorporated  with  this  trunk.  The  two  roots  pass  together  beneath  the  dura  mater 
of  the  middle  fossa  of  the  base  of  the  skull  to  the  foramen  ovale,  through  which 
they  emerge  into  the  pterygoid  region.  Outside  the  skull  they  combine  to  form  a 
single  trunk,  which  soon  separates  into  anterior  and  posterior  divisions. 

At  its  emergence  from  the  skull  the  nerve  is  deeply  placed  beneath  the  middle 
of  the  zygomatic  arch,  and  is  concealed  by  the  ramus  of  the  lower  jaw,  and  by  the 
temporal,  masseter,  and  external  pterygoid  muscles. 

The  branches  of  the  inferior  maxillary  nerve  may  be  divided  into  two  series — 
(1)  those  derived  from  the  undivided  nerve,  and  (2)  those  derived  from  the  terminal 
divisions  of  the  nerve. 

i""  The  branches  of  the  undivided  nerve  are  two  in  number,  (a)  A  small 
recurrent  branch  (n.  spinosus)  arises  just  outside  the  skull,  and  accompanying  the 
middle  meningeal  artery  through  the  foramen  spinosum,  supplies  the  dura  mater. 
(b)  In  the  pterygoid  region  a  small  branch  arises  for  the  supply  of  the  internal 
pterygoid  muscle.    This  nerve  forms  a  connexion  with  iho.  otjc  p-p.r]o-hon. 

The  terminal  divisions  of  the  nerve  are  a  small  anterior  and  a  large  posterior 
trunk. 

The  small  anterior  trunk  passes  downwards  and  forwards  beneath  the  external 
pterygoid  muscle,  and  separates  into  the  following  branches  : — (1)  A  branch  for  the 
external  pterygoid  muscle  (n.  pterygoideus  externus),  which  supplies  it  on  its  deep 
surface ;  (2)  a  branch  to  the  masseter  muscle  (n.  massetericus),  which  passes  over 
the  upper  border  of  the  external  pterygoid  and  through  the  sigmoid  notch  of  the 
lower  jaw ;  (3)  and  (4)  two  branches  to  the  temporal  muscle  (nn.  temporales  pro- 
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fundi,  anterior  et  posterior),  which  also  ascend  above  the  external  pterygoid 
muscle ;  and  (5)  the  buccal  nerve  (n.  buccinatorius),  which  passes  obliquely 
forwards  between  the  two  heads  of  the  external  pterygoid  to  reach  the  buccinator 
muscle.  This  nerve  is  sensory,  and  its  fibres  are  in  part  distributed  to  the  skin  of 
the  cheek  (communicating  with  buccal  branches  of  the  facial  nerve) ;  they  are  also 
in  part  distributed  to  the  mucous  membrane  of  the  inside  of  the  mouth,  to  reach 
which  they  pierce  the  fibres  of  the  buccinator  muscle.    The  buccal  nerve  usually 

supplies  a  third  branch  to 
the  temporal  muscle,  after 
emerging  between  the  two 
heads  of  the  external 
pterygoid  muscle  (Fig.  523, 
p.  679). 

The  large  posterior 
trunk  extends  downwards 
a  short  way  beneath  the 
external  pterygoid  muscle. 
After  giving  off  by  two 
roots  the  auriculo-teniporal 
nerve,  it  ends  by  dividing 
into  two,  the  lingual  and 
the  inferior  dental  nerves. 

The  auriculo-temporal 
nerve  (n.  auriculo-tempor- 
alis)  is  formed  by  the  union 
of  two  roots  which  embrace 
the  middle  meningeal 
artery.  The  nerve  passes 
backwards  beneath  the 
external  pterygoid  muscle 
and  between  the  internal 
lateral  ligament  and  the 
neck  of  the  lower  jaw. 
Entering  the  substance  of 
the  parotid  gland,  it  is 
directed  upwards  to  the 
temple  over  the  zygoma  in 
company  with  the  temporal 
artery.  It  is  finally  dis- 
tributed as  a  cutaneous 
nerve  of  the  temple  and 
scalp,  and  reaches  almost  to 
the  vertex  of  the  skull. 

The  auriculo  -  temporal 
nerve  gives  off  the  follow- 
ing branches: — (1)  A  small 
branch  to  the  temporo- 
maxillary  articulation.  (2) 


Fig.  527. 


Scheme  of  the  Distribution  of  the  Inferior 
Maxillary  Nerve. 


V.I.M,  Inferior  maxillary  nerve  ;  S,  Afferent,  and  Mo,  Efferent  roots  ;  M, 
Meningeal  branch  ;  O.G,  Otic  ganglion  ;  I.Pt,  Nerve  to  internal  ptery- 
goid ;  S.S.P,  Small  superficial  petrosal  nerve  ;  T.T,  Nerves  to  tensor 
tympani,  and  T.P,  Tensor  palati ;  Ty.Plex,  Tympanic  plexus  ;  I.C, 
Internal  carotid  artery;  S. D.P,  Small  deep  petrosal  nerve;  G-.G, 
Geniculate  ganglion  ;  F,  Facial  nerve  ;  Ty,  Tympanic  branch  ;  G.Ph, 
Glosso-pharyngeal  nerve  ;  M.M,  Middle  meningeal  artery  ;  A.T, 
Auriculo-temporal  nerve  ;  F,  Communication  with  facial  nerve  ;  Par, 
Nerve  to  parotid  gland  ;  Me,  Branch  to  meatus  of  ear  ;  Pi,  Branch 
to  pinna  ;  T,  Temporal  branch  ;  A,  Anterior  division  of  inferior 
maxillary  nerve  ;  E.Pt,  Nerves  to  external  pterygoid  ;  M,  Masseter  ; 
T.T.T,  Temporal,  and  Bucc,  Buccinator  muscles  ;  Po,  Posterior 
division  of  inferior  maxillary  nerve  ;  L,  Lingual  nerve  ;  C.T,  Chorda 
tympani  nerve;  Sub.G,  Sub-maxillary  ganglion;  Hy,  Hypoglossal 
nerve  ;  I.D,  Inferior  dental  nerve  ;  My.hy,  Mylohyoid  nerve  ;  My, 
Nerve  to  mylohyoid  ;  Di,  Nerve  to  digastric  (anterior  belly)  ; 
Ment.,  Mental  Branch  ;  Sty.Gl,  Stylo-glossus  ;  H.Gl,  Hyoglossus  ; 
G.H.G,  Genio-hyoglossus  muscles. 


Branches  to  the  parotid 
gland.  (3)  A  twig  for  the  supply  of  the  skin  of  the  external  auditory  meatus 
(and  membrana  tympani).  (4)  Branches  to  the  upper  half  of  the  pinna  on  its 
outer  aspect.    (5)  Terminal  branchss  to  the  skin  of  the  temple  and  scalp. 

It  has  the  following  communications  with  other  nerves: — (1)  Important  communica- 
tions are  effected  by  the  roots  of  the  nerve,  which  are  separately  joined  by  small  branches 
from  the  otic  ganglion.  (2)  The  parotid  branches  of  the  nerve  are  connected  with  branches 
of  the  facial  nerve  in  the  substance  of  the  gland.  (3)  The  temporal  branch  of  the  nerve 
is  in  communication  superficially  with  the  temporal  branches  of  the  facial  nerve. 

The  lingual  nerve  (n.  lingualis)  is  the  smaller  of  the  two  terminal  branches 
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of  the  posterior  division  of  the  inferior  maxillary  nerve.  It  proceeds  downwards  in 
front  of  the  inferior  dental  nerve,  beneath  the  external  pterygoid  muscle,  to  its  lower 
border.  After  passing  between  the  internal  pterygoid  muscle,  and  the  ramus  of  the 
lower  jaw,  it  crosses  beneath  the  mucous  membrane  of  the  floor  of  the  mouth  in  the 
interval  between  the  mylohyoid  and  hyoglossus  muscles  and  beneath  the  duct  of 
the  submaxillary  gland.  It  sweeps  forwards  and  inwards  to  the  side  of  the 
tonc^ue,  to  the  mucous  membrane  over  the  anterior  two-thirds  of  which  it  is 
distributed. 

Two  nerves  communicate  with  the  lingual  nerve  in  its  course  to  the  tongue  : — 

(1)  The  chorda  tympani  branch  of  the  facial  nerve  joins  it  beneath  the  external 
pterygoid  muscle,  and  is  incorporated  with  it  in  its  distribution  to  the  tongue. 

(2)  The  hypoglossal  nerve  forms  larger  or  smaller  loops  of  communication  with 
the  lingual  nerve  as  they  course  forwards  together  over  the  hyoglossus  muscle. 

Besides  supplying  the  aforesaid  branches  to  the  mucous  membrane  over  the 
sides  and  dorsum  of  the  tongue  in  its  anterior  two-thirds,  the  lingual  nerve  supplies 
the  mucous  membrane  of  the  outer  wall  and  floor  of  the  mouth.  It  also  assists, 
along  with  the  chorda  tympani  nerve,  in  forming  the  roots  of  the  submaxillary 
ganglion. 

The  submaxillary  ganglion  (ganglion  submaxillare)  is  a  minute  reddish 
ganglion  placed  on  the  hyoglossus  muscle,  between  the  lingual  nerve  and  the 
duct  of  the  submaxillary  gland.  It  is  suspended  from  the  former  by  two  trunks, 
consisting  for  the  most  part  of  fibres  of  the  lingual  and  chorda  tympani  nerves 
which  at  this  point  become  separated  from  the  lingual  nerve  and  incorporated  with 
the  ganglion.  The  roots  of  the  ganglion  are — (1)  an  afferent  root,  derived  from 
the  lingual  nerve  ;  (2)  an  efferent  root,  derived  from  the  chorda  tympani ;  and  (3)  a 
sympathetic  root,  from  the  sympathetic  plexus  upon  the  facial  artery. 

The  branches  from  the  ganglion  are  distributed  to  the  submaxillary  gland  and 
Wharton's  duct,  and  by  fibres  which  become  reunited  with  the  trunk  of  the  lingual 
nerve,  to  the  sublingual  gland. 

The  inferior  dental  nerve  (n.  alveolaris  inferior)  is  larger  than  the  lingual 
nerve.  It  passes  from  beneath  the  lower  border  of  the  external  pterygoid  muscle 
to  reach  the  interval  between  the  ramus  and  internal  lateral  ligament  of  the  lower 
jaw.  Entering  the  inferior  dental  canal  through  the  inferior  dental  foramen,  it 
traverses  the  substance  of  the  ramus  and  body  of  the  lower  jaw,  distributing 
branches  in  its  course  to  the  teeth.  A  fine  plexus  is  formed  by  the  dental  branches 
before  they  finally  supply  the  teeth. 

Branches  and  Communications. — (1)  The  mylohyoid  nerve  is  a  small  branch 
arising  just  before  the  inferior  dental  nerve  passes  through  the  inferior  dental 
foramen.  Grooving  the  ramus  of  the  jaw  in  its  course,  it  descends  into  the 
submaxillary  triangle  on  the  superficial  aspect  of  the  mylohyoid  muscle.  Concealed 
in  this  situation  by  the  submaxillary  gland  and  the  facial  artery,  it  is  distributed 
to  the  mylohyoid  and  a.nterior  belly  of  the  digastric  muscles.  (2)  The  mental 
branch  of  the  inferior  dental  nerve  is  a  trunk  of  considerable  size  arising  from  the 
main  nerve  in  the  inferior  dental  canal.  It  emerges  from  the  lower  jaw  through 
the  mental  foramen,  and  is  distributed  by  many  branches  to  the  chin  and  lower 
lip.  It  communicates  beneath  the  facial  muscles  with  the  supra-mandibular 
branches  of  the  facial  nerve  (Fig.  523,  p.  679).  (3)  The  incisor  branch  is  the  terminal 
part  of  the  inferior  dental  nerve  remaining  after  the  origin  of  the  mental  branch. 
It  supplies  the  incisor  and  canine  teeth. 

The  otic  ganglion  (g.  oticum)  is  situated  beneath  the  inferior  maxillary  nerve 
just  below  the  foramen  ovale.  Like  the  other  ganglia  described  above,  it  possesses 
three  roots : — (1)  A  motor  root,  derived  from  the  nerve  to  the  internal  pterygoid 
muscle ;  (2)  a  sensor^/  root,  formed  by  the  s7naU  superficial  petrosal  nerve  from  the 
tympanic  plexus  (through  which  communications  are  effected  with  the  tympanic 
branch  of  the  glosso-pharyngeal  nerve,  and  a  branch  from  the  geniculate  ganglion 
of  the  facial  nerve) ;  (3)  a  sympathetic  root,  from  the  plexus  on  the  middle 
meningeal  artery  (Fig.  527). 

Five  branches  arise  from  the  ganglion — three  communicating  and  two  motor 
branches.    The  three  communicating  nerves  are  fine  branches  which  join  respectively 
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the  vidian  nerve,  the  roots  of  the  auriculo-temporal,  and  the  chorda  tympani 
nerve.  The  two  motor  nerves  supply  the  tensor  tympani  and  tensor  palati 
muscles. 

Summary. — The  trigeminal,  the  largest  and  most  complex  of  the  cranial  nerves,  is  (1)  the 
chief  sensory  nerve  for  the  face,  the  anterior  half  of  the  scalp,  the  orbit  and  eyeball,  the  nose  and 
nasal  cavity,  the  lips,  teeth,  mouth,  and  two-thirds  of  the  tongue  ;  (2)  the  motor  fibres  of  the 
nerve  supply  the  muscles  of  mastication,  the  mylohyoid  and  anterior  belly  of  the  digastric, 
possibly  the  levator  j^alati  and  azygos  uvulae  (through  Meckel's  ganglion),  and  the  tensor  tympani 
and  tensor  palati  muscles  (through  the  otic  ganglion) ;  (3)  through  the  ganglia  i)laced  on  the 
three  divisions  of  the  nerve,  not  only  are  important  organs,  areas,  and  muscles  innervated,  but 
communications  are  also  eftected  with  the  sympathetic  system,  with'  the  third  nerve  (lenticular 
ganglion),  facial  nerve  (spheno -palatine  and  otic  ganglia),  and  glosso-pharyngeal  nerve  (otic 
ganglion). 

In  its  distribution  to  the  skin  of  the  face  the  branches  of  the  fifth  nerve  present  two  striking 
peculiarities  : — (1)  While  the  branches  to  the  skin  reach  the  surface  at  many  points  and  in 
diverse  ways,  the  three  main  divisions  are  severally,  by  their  branches,  responsible  for  the  supply 
of  three  clearly  demarcated  cutaneous  areas  (Fig.  523,  p.  679).  (2)  By  numerous  communications 
with  the  facial  nerve,  sensory  fibres  are  given  to  the  muscles  of  expression  supplied  by  the 
facial  nerve. 

The  Sixth  or  Abducent  Nerve. 

The  abducent  nerve  (n.  abducens)  issues  from  the  brain  at  the  lower  border  of 
the  pons  Varolii,  just  above  the  pyramid  of  the  medulla  oblongata  (for  deep  origin, 
see  p.  524).  It  is  directed  forwards,  and  pierces  the  dura  mater  in  the  posterior 
fossa  of  the  base  of  the  skull  alongside  the  dorsum  sellse  (Fig.  522,  p.  678).  It 
then  occupies  the  inner  wall  of  the  cavernous  sinus  and  is  placed  on  the  outer 
side  of  the  internal  carotid  artery.  It  passes  through  the  sphenoidal  fissure  below 
the  third  and  nasal  nerves  and  between  the  two  heads  of  the  external  rectus 
muscle  (Fig.  520,  p.  677).  In  the  cavity  of  the  orbit  it  supplies  the  external  rectus 
muscle  on  its  inner  (ocular)  surface. 

Communications. — In  the  wall  of  the  cavernous  sinus  the  sixth  nerve  receives  two 
communicating  filaments  : — (1)'  From  the  carotid  plexus  of  the  sympathetic,  and  (2)  from 
the  ophthalmic  division  of  the  trigeminal  nerve. 

The  Seventh  or  Facial  Nerve. 

The  facial  nerve  (n.  facialis)  emerges  from  the  brain  at  the  posterior  border  of 
the  pons  Varolii,  below  the  trigeminal  nerve  and  internal  to  the  auditory  nerve  (for 
deep  origin,  see  p.  522).  Between  it  and  the  latter  nerve  is  the  minute  pars  intermedia 
of  Wrisberg  (Fig.  517,  p.  675).  The  nerve  passes  outwards  through  the  internal 
auditory  meatus,  courses  through  the  aqueduct  of  Fallopius  in  the  petrous  portion 
of  the  temporal  bone,  emerges  in  the  base  of  the  skull  by  the  stylo-mastoid  foramen, 
and  passes  forwards  through  the  parotid  gland  to  supply  the  muscles  of  the  face. 
In  the  internal  auditory  meatus  the  nerve  is  placed  upon  the  auditory  nerve,  the 
jpars  intermedia  intervening.  In  the  aqueduct  of  Fallopius  the  nerve  first  passes 
backwards  on  the  inner  side  of  the  tympanum,  and  then  downwards  behind  the 
tympanum,  in  the  inner  wall  of  the  tympanic  antrum.  In  the  parotid  gland 
the  nerve  crosses  superficially  the  external  carotid  artery  and  the  temporo-maxillary 
vein.  On  the  face  its  branches  radiate  from  the  anterior  border  of  the  parotid  gland 
and  enter  the  deep  surface  of  the  facial  muscles. 

Branches  and  Communications. — (i.)  In  the  internal  auditory  meatus  the  pars 
*  intermedia  (n.  intermedins),  lying  between  the  facial  and  auditory,  sends  com- 
municating branches  to  both  nerves.  The  branch  to  the  auditory  nerve  probably 
separates  from  it  again  to  join  the  geniculate  ganglion  of  the  facial  nerve. 

(ii.)  In  the  aqueduct  of  Falloioius  the  geniculate  ganglion  (g.  geniculi)  is  formed 
at  the  point  where  the  facial  nerve  bends  backwards  (geniculum  n.  facialis).  It  is 
an  oval  swelling  on  the  nerve,  and  is  joined  by  a  branch  from  the  upper  (vestibular) 
trunk  of  the  auditory  nerve,  by  which  it  probably  receives  fibres  of  the  pars  inter- 
medijCL.  From  the  ganglion  three  small  nerves  arise : — (1)  The  large  superficial 
petrosal  nerve  passes  forwards  through  the  hiatus  Fallopii  to  the  middle  fossa  of  the 
base  of  the  skull.    On  the  upper  surface  of  the  foramen  lacerum  medium  it  is 
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joined  by  the  great  deep  petrosal  nerve  from  the  sympathetic  plexus  on^  the  internal 
carotid  artery  to  form  the  vidian  nerve,  which,  after  traversing  the  vidian  canal,  .  i 


Fig. 


v^  J  bone  and  ends  in  the  otic  ganglion.    (3)  The  external  superficial  petrosal  nerve  is  a 

^  \  minute  inconstant  branch  which  joins  the 
sympathetic  plexus  on  the  middle  meningeal 
artery. 

In  the  course  of  the  facial  nerve  in  the 
lower  part  of  the  aqueduct  of  Fallopius, 
behind  the  tympanum,  three  branches  arise — 
(1)  The  small  nerve  to  the  stapedius  muscle, 
which  passes  forwards  to  the  tympanum.  (2) 
The  chorda  tympani  nerve  (probably  associated 
with  the  'pars  intermedia),  which  enters  the 
tympanic  cavity  through  tho^j^er^cMTdce 
pgsterius,  passes  over  the  membrana  tympani 
and  the  handle  of  the  malleus,  and  leaves 
the  cavity  through  the  iter  cJiordce  aiiterius 
to  reach  the  pterygoid  region.  Beneath  the 
external  pterygoid  muscle  it  becomes  incor- 
porated with  the  lingual  branch  of  the  in- 
ferior maxillary  nerve,  and  in  its  further 
course  is  inseparable  from  that  nerve.  It 
supplies  a  root  to  the  sub-maxillary  ganglion, 
and  is  finally  distributed  (probably  as  a 
nerve  of  taste)  to  the  side  and  dorsum  of 
the  tongue  in  its  anterior  two-thirds.  The 
chorda  tympani  nerve  receives  beneath  the  yjj 
external  pterygoid  muscle  a  fine  communica- 
tion from  the  otic  ganglion.  (3)  Before  it 
leaves  the  aqueduct  of  Eallopius  a  fine  com- 
municating branch  arises  from  the  facial  nerve 
to  join  the  auricular  branch  of  the  pneumo- 
gastric  nerve. 

(iii.)  In  the  neck  the  facial  nerve  gives  off' 
three  muscular  branches :  (1)  and  (2)  small 
branches  supply  the  stylo- hyoid  and  the 
posterior  belly  of  the  digastric,  the  latter 
nerve  sometimes  communicating  with  the 
glosso-pharyngeal.  (3)  The  posterior  auricular 
nerve  bends  backwards  and  upwards  over 
the  anterior  border  of  the  mastoid  process 
along  with  the  posterior  auricular  artery. 
It  divides  into  two  branches — an  auricular 

hranclh  for  the  retrahens  aurem  and  the  intrinsic  muscles  of  the  pinna,  and  an 
occipital  branch  for  the  posterior  belly  of  the  occipito-frontalis  muscle.  The 
posterior  auricular  nerve  communicates  with  the  great  auricular,  small  occipital, 
and  auricular  branch  of  the  pneumogastric  nerves  in  its  course. 

(iv.)  In  the  parotid  gland  the  facial  nerve  spreads  out  in  an  irregular  series  of 
branches  (pes  anserinus),  indefinitely  divided  into  a  temporo-facial  and  a  cervico- 
facial division.  Communications  occur  in  the  substance  of  the  gland  between  the 
main  trunks  and  the  great  auricular  and  auriculo-temporal  nerves. 

The  temporo-facial  division  gives  off  three  series  of  subordinate  branches 
which  radiate  forwards  and  upwards  from  the  parotid  gland. 

1.  The  temporal  branches  are  of  large  size,  and,  sweeping  out  of  the  parotid  gland 
over  the  zygomatic  arch,  are  distributed  to  the  orbicularis  palpebrarum,  frontalis, 
corrugator  supercilii,  attrahens,  and  attollens  aurem.    The  temporal  branches  com- 


•|.M. 

528. —  The  Facial  Nerve  with  its 
Branches  and  Communications  in  the 
Aqueduct  of  Fallopius. 

Facial  nerve  ;  P.I,  Pars  intermedia  ;  VIII, 
Auditory  nerve  ;  Aq.Fal,  Aqueduct  of  Fallo- 
pius ;  G.Gr,  Geniculate  ganglion  ;  E.S.P,  Ex- 
ternal superficial  petrosal  nerve  ;  M.M,  Middle 
meningeal  artery  ;  G.S.P,  Great  superficial 
petrosal  nerve  :  G,  P.  D,  Great  deep  petrosal 
nerve  ;  I.C,  Internal  carotid  artery  ;  Vid, 
Vidian  nerve  ;  M.G,  Meckel's  ganglion  ;  Ty.  PI, 
Tympanic  plexus  ;  S.D.P,  Small  deep  petrosal 
nerve  ;  G.Ph,  Glosso-pharyngeal  nerve  ;  Ty, 
Tympanic  branch  ;  S.S.P,  Small  superficial 
petrosal  nerve  ;  0.  G,  Otic  ganglion  ;  Stap, 
Nerve  to  stapedius  ;  C.T,  Chorda  tympani 
nerve  ;  L,  Lingual  nerve ;  A.Va,  Communication 
with  auricular  branch  of  vagus  ;  P.  A,  Posterior 
auricular  nerve  ;  Sty.hy,  Nerve  to  stylo-hyoid  ; 
Di,  Nerve  to  digastric  (posterior  belly)  ;  T.F, 
Temporo-facial  division  ;  C.F,  Cervico-facial 
division  ;  T.  Temporal  ;  M,  Malar  ;  I.O,  Infra- 
orbital ;  B.  Buccal  ;  S.M,  Supra-mandibular, 
and  I.M,  Infra- mandibular  branches. 
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municate  in  their  course  with  the  auricuio-temporai,  temporal  (of  the  superior 
maxillary),  lachrymal,  and  supra-orbital  branches  of  the  trigeminal  nerve. 

2.  The  malar  branches  are  small,  and  sometimes  are  inseparable  from  the  temporal 
or  infra-orbital  nerves.  Extending  forwards  across  the  malar  bone,  they  supply 
the  orbicularis  palpebrarum  and  zygomatic  muscles,  and  communicate  with  the  malar 

branch  of  the  superior  maxillary  nerve. 

3.  The  infra-orbital  branches  are  of 
considerable  size.  Passing  forwards  over 
the  masseter  muscle  in  company  with 
Stenson's  duct,  they  supply  the  orbi- 
cularis palpebrarum,  the  zygomatici, 
buccinator,  and  the  muscles  of  the  nose 
and  upper  lip.  The  infra-orbital  plexus 
is  formed  by  the  union  of  these  nerves 
with  the  infra-orbital  branch  of  the 
superior  maxillary  nerve  below  the 
lower  eyelid.  Smaller  communica- 
tions occur  with  the  infra-trochlear  and 
nasal  nerves  on  the  side  of  the  nose. 

The  cervico-facial  division  of  the 
facial  nerve  also  supplies  three  series 
of  secondary  branches. 

1.  The  buccal  branch  (or  branches) 
extends  forwards  to  the  angle  of  the 
mouth  to  supply  the  muscles  con- 
verging to  the  mouth,  including  the 
buccinator.  It  communicates  with  the 
buccal  branch  of  the  inferior  maxillary 
nerve  in  front;  of  the  anterior  border 
of  the  masseter  muscle. 

2.  The  supra  -  mandibular  branch 
passes  along  the  lower  jaw  to  the  interval 
between  the  lower  lip  and  chin,  and 
supplies  the  depressor  anguli  oris,  de- 
pressor labii  inferioris,  and  orbicularis 
oris.  It  communicates  with  the  mental 
branch  of  the  inferior  dental  nerve. 

3.  The  infra  -  mandibular  branch 
emerges  from  the  parotid  gland  near 
its  lower  end,  and  sweeps  forwards 
below  the  angle  of  the  jaw  to  the  front 
of  the  neck.  It  supplies  the  platysma 
myoides,  and  forms  loops  of  communica- 
tion with  the  superficial  cervical  nerve  from  the  cervical  plexus. 


Fig.  529.  —  Distribution  op  Facial  Nerve  outside 
THE  Skull,  and  Communications  with  Trigeminal 
Nerve  on  the  Face. 

Facial  nerve.  ^ — P.  A,  Posterior  auricular  nerve;  S.H, 
Nerve  to  stylo-hyoid  ;  Di,  Nerve  to  digastric  (posterior 
belly)  ;  T.F,  Temporo-facial  division  ;  T,  Temporal  ; 
M,  Malar;  I.O,  Infra-orbital  branches;  C.F,  Cervico- 
facial division  ;  B,  Buccal  ;  Sm,  Supra-mandibular  ; 
Im,  Infra-niandibular  branches. 

Trigeminal  nerve. — Ophth,  Ophthalmic  division  ;  S.O, 
Supra-orbital  ;  I.T,  Infra  -  trochlear  ;  N,  External 
nasal;  L,  Lachrymal  branches.  Sup. Max,  Superior 
maxillary  division  ;  T,  Temporal  ;  M,  Malar  ;  I.O, 
Infra-orbital  branches.  Inf.  Max,  Inferior  maxillary 
division  ;  A.T,  Auricuio-temporai  ;  B,  Buccal  ;  M, 
Mental  branches  ;  S.C,  Superficial  cervical  nerve. 


The  Eighth  or  Auditory  Nerve. 

The  auditory  nerve  (n.  acusticus)  arises  from  the  brain  by  two  roots,  mesial  and 
lateral.  The  mesial  root  (radix  vestibularis)  emerges  between  the  olive  and  the 
restiform  body.  Tlie  lateral  root  (radix  cochlearis),  continuous  through  the  cochlear 
nucleus  with  the  striae  acusticse  of  the  fourth  ventricle,  winds  round  the  outer  side 
of  the  restiform  body  (for  deep  connexions,  see  p.  519).  The  two  roots  become 
incorporated  to  form  the  trunk  of  the  nerve,  which  is  attached  to  the  brain  on  the 
outer  side  of  the  facial  nerve  and  pars  intermedia  at  the  posterior  border  of  the 
pons  Varolii  (Fig.  517,  p.  675). 

The  nerve  extends  outwards  through  the  internal  auditory  meatus,  lying  beneath 
the  facial  nerve  and  pars  intermedia  (Fig.  522,  p.  678).  In  the  meatus  its  two 
component  parts  separate  from  one  another,  forming  a  superior  or  vestibular  trunk 
continuous  with  the  mesial  root,  and  an  inferior  or  cochlear  trunk  continuous  with 
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the  lateral  root.  These  trunks  again  subdivide,  and  piercing  the  lamina  cribrosa, 
supply  the  several  parts  of  the  labyrinth. 

The  superior  or  vestibular  trunk  (n.  vestibuli)  in  the  internal  auditory  meatus 
usually  receives  fibres  from  the  yars  inter 7nedia,dind  gives  off  a  communicating  branch 


semicircular  canal ;  Sup,  Superior  semicircular  canal ;  Utr,  Utricle. 

to  the  geniculate  ganglion  of  the  facial  nerve.  It  then  separates  into  three  terminal 
branches  which  pierce  the  lamina  cribrosa,  and  supply  (1)  the  macula  acustica  of 
the  utricle  and  the  ampullae  of  (2)  the  superior  and  (3)  external  semicircular  canals. 

The  inferior  or  cochlear  trunk  (n.  cochleae)  gives  off  branches  (1)  to  the 
macula  acustica  of  the  saccule,  (2)  to  the  ampulla  of  the  posterior  semicircular  canal, 
and  (3)  is  continued  through  the  lamina  cribrosa  to  the  labyrinth  as  the  cochlear 
nerve,  which  is  distributed  through  the  modiolus  and  osseous  spiral  lamina  to  the 
organ  of  Corti  in  the  cochlea. 

Both  the  vestibular  and  cochlear  nerves  contain  among  their  fibres  collections  of  nerve 
cells,  forming  in  each  nerve  a  distinct  ganglion— the  vestibular  ganglion  (g.  vestibulare)  on 
the  vestibular  trunk,  and  the  spiral  ganglion  of  the  cochlea  (g.  spirale)  on  the  cochlear  trunk. 

The  Ninth  or  Glosso-pharyngeal  Nerve. 

The  glosso-pharyngeal  nerve  (n.  glosso-pharyngeus)  (Fig.  517,  p.  675)  arises  from 
the  brain  by  five  or  six  fine  radicles  which  emerge  from  the  medulla  oblongata  between 
the  olive  and  the  restiform  body,  close  to  the  facial  nerve  above,  and  in  series  with 
the  roots  of  the  pneumogastric  nerve  below  (for  deep  connexions,  seep.  517).  The 
rootlets  combine  to  form  a  nerve  which  extends  outwards  to  the  jugular  foramen, 
through  which  it  passes,  along  with  the  pneumogastric  and  spinal  accessory  nerves, 
but  enveloped  in  a  separate  sheath  of  dura  mater  (Fio;.  522,  p.  678).  Reaching  the 
neck,  the  nerve  arches  downwards  and  forwards  to  the  interval  between  the  hyoid 
bone  and  the  lower  jaw.  It  lies  at  first  between  the  internal  carotid  artery  and 
the  internal  jugular  vein,  and  then  between  the  internal  and  external  carotid 
arteries,  in  its  course  to  the  side  of  the  pharynx.  It  sweeps  round  the  stylo- 
pharyngeus  muscle  and  the  stylo-hyoid  ligament,  and  disappears  beneath  the 
hyoglossus  muscle,  to  reach  its  termination  in  the  tongue. 

The  branches  of  the  nerve  may  be  classified  in  three  series  according  to  their 
origin — (i.)  in  the  jugular  foramen  ;  (ii.)  in  the  neck  ;  (iii.)  in  relation  to  the  tongue. 

In  the  jugular  foramen  there  are  two  enlargements  upon  the  trunk  of  the  nerve 
— the  jugular  and  petrous  ganglia.  The  jugular  ganglion  (g.  superius)  is  small,  does 
not  implicate  the  whole  width  of  the  nerve,  and  may  be  fused  with  the  petrous 
ganglion,  or  even  absent  altogether.    No  branches  arise  from  it. 

The  petrous  ganglion  (g.  petrosum)  is  distinct  and  constant.  It  is  placed 
upon  the  nerve  at  the  lower  part  of  its  course  through  the  jugular  foramen. 

Branches  and  Communications  of  the  Petrous  Ganglion. — The  tympanic  branch  (n. 
tynipanicus,  Jacobson's  nerve)  is  the  most  important  offset  from  this  ganglion.  It 
passes  through  a  small  canal  in  the  bridge  of  bone  between  the  jugular  foramen 
and  the  carotid  canal  to  reach  the  cavity  of  the  tympanum,  where  it  breaks  up  into 
branches,  to  form,  along  with  branches  from  the  carotid  plexus  of  the  sympathetic  on 
the  internal  carotid  artery  (small  deep  petrosal  nerve),  the  tympanic  plexus  for  the  supply 
of  the  mucous  lining  of  the  tympanum,  mastoid  cells,  and  Eustachian  tube  (Fig.  528, 
48 
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p.  687).  The  fibres  of  the  tympanic  branch  of  the  glosso-pharyngeal  nerve  become 
reunited  to  form,  by  their  union  with  a  small  nerve  from  the  geniculate  ganglion  of  the 
facial  nerve,  the  small  superficial  petrosal  nerve  in  the  substance  of  the  temporal  bone. 
This  passes  forwards  through  the  temporal  bone,andeventually  joins  the  otic  ganglion. 

Besides  forming  the  tympanic  branch,  the  petrous  ganglion  of  the  glosso-pharyngeal 
nerve  communicates  with  three  other  nerves — (1)  with  the  superior  cervical  ganghon  of 

the  sympathetic  ;  (2)  with  the 
auricular  branch  of  the  pneumo- 
gastric ;  and  (3)  sometimes  with  the 
ganglion  of  the  root  of  the  pneumo- 
gastric. 

Intheneck  the  glosso-pharyngeal 
nerve  gives  off  two  branches.  (1) 
As  it  crosses  over  the  stylo-pharyn- 
geus muscle  it  supplies  the  nerve 
to  that  muscle,  which  sends  fibres 
through  it  to  reach  the  mucous 
membrane  of  the  pharynx.  (2) 
The  pharyngeal  branches  of  the  nerve 
supply  the  mucous  membrane  of 
the  pharynx  directly  after  piercing 
the  superior  constrictor  muscle,  and 
indirectly  after  joining,  along  with 
the  pharyngeal  offsets  from  the 
pneumogastric  and  the  superior 
cervical  ganglion  of  the  sym- 
pathetic, in  the  formation  of  the 
pharyngeal  plexus. 

The  terminal  branches  of  the 
nerve  supply  the  mucous  mem- 
brane of  the  tongue  and  adjacent 
parts.  A  tonsillitic  branch  forms  a 
plexus  (circulus  tonsillaris)  to 
supply  the  mucous  membrane 
covering  the  tonsil,  the  adjacent 
part  of  the  soft  palate,  and  the 
pillars  of  the  fauces.  Lingual 
branches  supply  the  mucous  mem- 
brane of  the  dorsal  third  and 
lateral  half  of  the  tongue,  extend- 
ing backwards  to  the  glosso-epi- 
glottidean  folds  and  the  front  of 
the  epiglottis. 


Fig.  531. — Scheme  op  the  Distribution  op  the  Glosso- 

PHARTNGEAL  NeRVE. 

G.Ph,  Glosso-pharyngeal  nerve  ;  J,  Jugular,  and  P,  Petrous 
ganglia ;  Ty,  Tympanic  branch  (Jacobson's  nerve)  ; 
Ty.Plex.,  Tympanic  plexus  ;  Fa,  Boot  from  geniculate 
ganglion  of  facial  nerve  ;  S.S.P,  Small  superficial  petrosal 
nerve  to  the  otic  ganglion  ;  S.D.P,  Small  deep  petrosal 
nerve  ;  I.C,  Internal  carotid  artery  ;  Va,  Pneumogastric 
nerve  ;  Aur.,  Auricular  branch  (Arnold's  nerve)  ;  Sy., 
Superior  cervical  sympathetic  ganglion  ;  F,  Communi- 
cating branch  to  facial  nerve  ;  Ph,  Pharyngeal  branch  of 
vagus  ;  E.C,  External  carotid  artery ;  Ph.Pl,  Pharyngeal 
plexus;  S.Ph,  Stylo-pharyngeus  muscle;  S.H.L,  Stylo- 
hyoid ligament;  H.G,  Hyo-glossus  ;  S.G,  Stylo-glossus  ; 
Ton,  Tonsil  ;  S.  Pal.,  Soft  palate  ;  G.  H.G,  Genio-hyoglossus  ; 
G.H,  Genio-hyoid  ;  Hy,  Hyoid  bone. 


The  Tenth  or  Pneumogastric  Nerve. 

The  pneumogastric  or  vagus  nerve  (n.  vagus)  arises  from  the  brain  by  numerous 
radicles  attached  to  the  front  of  the  restiform  body  of  the  medulla  oblongata,  in  series 
with  the  glosso-pharyngeal  nerve  above  and  the  spinal  accessory  nerve  below  it  (for 
deep  connexions,  see  p.  517).  Uniting  to  form  a  single  trunk,  the  roots  of  the  nerve 
pass  outwards  to  the  jugular  foramen,  through  which  they  emerge  into  the  neck. 

In  the  jugular  foramen  the  nerve  occupies  the  same  sheath  of  dura  mater  as  the 
spinal  accessory  nerve,  and  is  placed  behind  the  glosso-pharyngeal  nerve.  Two 
ganglia  are  present  on  the  trunk  in  this  situation.  The  higher  and  smaller  is  the 
ganglion  of  the  root  (g.  jugulare) ;  the  lower  and  larger  is  the  ganglion  of  the  trunk 
of  the  nerve  (g.  nodosum). 

In  the  neck  the  pneumogastric  nerve  pursues  a  vertical  course  in  front  of  the 
spinal  column.  It  occupies  the  carotid  sheath,  lying  between  and  behind  the 
internal  and  common  carotid  arteries  and  the  internal  jugular  vein.    It  enters  the 
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thorax  behind  the  large  veins  :  on 
the  right  side,  after  crossing  over 
the  subclavian  artery ;  on  the  left 
side,  in  the  interval  between  the 
left  common  carotid  and  subclavian 
arteries. 

In  the  thorax  the  nerves 
occupy  the  superior  and  posterior 
mediastinal  spaces,  and  their  re- 
lations are  different  on  the  two 
sides,  (a)  In  the  superior  media- 
stinum the  right  nerve  continues 
its  course  alongside  the  innominate 
artery  and  the  trachea,  and  behind 
the  right  innominate  vein  and 
superior  vena  cava,  to  the  back  of 
the  root  of  the  lung.  The  left 
nerve  courses  downwards  between 
the  left  common  carotid  and  sub- 
clavian arteries,  and  behind  the 
left  innominate  vein  and  the 
phrenic  nerve.  It  passes  over  the 
aortic  arch,  and  then  proceeds  to 
the  back  of  the  root  of  the  left 
lung.  (Jb)  In  the  posterior  media- 
stinum the  pneumogastric  nerves 
are  concerned  in  the  formation  of 
two  great  plexuses — the  pulmon- 
ary and  the  oesophageal.  Behind 
the  root  of  each  lung  the  nerve 
breaks  up  to  form  the  large 
posterior  pulmonary  plexus,  from 
the  lower  end  of  which  two  nerves 
emerge  on  each  side.  These  nerves 
on  the  ^ight  side  ]3ass  obliquely 
over  the  yena^azy^os  majorj^  on 
the  left  side  they  cross  the  thoracic 
aorta.  _  Both  series  reach  the  oeso- 
phagus, and  divide  into  small 
anastomosing  branches  which  form 
the,  oesophageal  ^exus.  At  the 
oesophageal  opening  of  the  dia- 
phragm the  two  nerves  become 
separated  from  the  plexus,  and 
entering  the  abdomen — the  left 
nerve  in  front  of  the  oesophagus, 
the  right  nerve  behind  it — they  ter- 
minate by  supplying  the  stomach 
and  other  abdominal  organs. 

The  communications  and 
branches  of  the  pneumogastric 
nerve  may  be  described  as  (i.)  gan- 
glionic, (ii.)  cervical,  (iii.)  thoracic, 
and  (iv.)  abdominal  (Fig.  532). 


Fig 


-The  Distribution  of  the  Pneumogastric  Nerve. 

Var.R,  Va.L,  Right  and  left  vagi  ;  r,  Ganglion  of  the  root  and 
connexions  with  Sy,  Sympathetic,  superior  cervical  gang- 
lion ;  G.Ph,  Glosso -pharyngeal  ;  Acc,  Spinal  accessory 
nerve  ;  m,  Meningeal  branch  ;  Aur,  Auricular  branch  ;  t, 
Ganglion  of  the  trunk  and  connexions  with  Hy,  Hypo- 
glossal nerve  ;  CI,  C2,  Loop  between  the  first  two  cervical 
nerves  ;  Sy,  Sympathetic  ;  Acc,  Spinal  accessory  nerve  ;  Ph,  Pharyngeal  branch  ;  Ph.Pl,  Pharyngeal 
plexus  ;  S.L,  Superior  laryngeal  nerve  ;  I.L,  Internal  laryngeal  branch  ;  E.L,  External  laryngeal  branch  ; 
I.C,  Internal,  and  E.C,  External  carotid  arteries  ;  Cal,  Superior  cervical  cardiac  branch  ;  Ca2,  Inferior 
cervical  cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerve  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal 
nerves  ;  Ca4,  Thoracic  cardiac  branch  (right  vagus)  ;  A.P.Pl,  Anterior,  and  P.P.Pl,  Posterior  pulmonary 
plexuses  ;  Oes.Pl,  Oesophageal  plexus  ;  Gast.R,  and  Gast.L,  Gastric  branches  of  vagus  (right  and  left)  ; 
Coe.Pl,  Coeliac  plexus;  Hep. PI,  Hepatic  plexus  ;  Spl.Pl,  Splenic  plexus  ;  Ren.Pl,  Renal  plexus. 
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The  ganglion  of  the  root  (g.  jugulare)  is  small  and  spherical.  It  occupies 
the  jugular  foramen,  and  gives  off  two  branches — meningeal  and  auricular. 

The  meningeal  branch  passes  backwards  to  supply  the  dura  mater  of  the  posterior 
fossa  of  the  base  of  the  skull. 

The  auricular  branch  (Arnold's  nerve)  ascends  to  the  ear  in  a  fissure  between  the 
jugular  and  stylo-mastoid  foramina.  It  receives  near  its  origin  a  twig  from  the 
tympanic  branch  of  the  glosso-pharyngeal  nerve,  and  usually  communicates  with 
the  facial  nerve  by  a  branch  arising  from  the  latter  in  the  aqueduct  of  Fallopius. 
The  nerve  is  distributed  to  the  back  of  the  pinna  and  the  external  auditory  meatus, 
and  communicates  superficially  with  the  posterior  auricular  nerve. 

Communications. — Besides  supplying  the  meningeal  and  auricular  branches,  the 
ganglion  of  the  root  of  the  pneumogastric  nerve  receives  communications  from  (1)  the 
superior  cervical  ganglion  of  the  sympathetic ;  (2)  the  spinal  accessory  nerve  ;  and  (3)  the 
petrous  ganglion  of  the  glosso-pharyngeal  nerve  (sometimes). 

, ,  ^Jr^  '  The  ganglion  of  the  trunk  of  the  nerve  (g.  nodosum),  placed  immediately 
^       below  the  preceding,  is  large  and  fusiform.    Like  the  previous  ganglion,  it  supplies 
two  branches — the  pharyngeal  and  superior  laryngeal  nerves. 

The  pharyngeal  branch  receives  its  fibres  (through  the  ganglion)  from  the  spinal 
accessory  nerve.  It  passes  obli(iuelv  downwards  and  inwards  to  the  pharynx 
between  the  internal  and  external  carotid  arteries,  and  combines  with  the  pharyn- 
geal nerves  from  the  glosso-pharyngeal  and  superior  cervical  ganglion  of  the 
sympathetic  to  form  the  pharyngeal  plexus.  Frmn  this  plexus  themuscles  of  the 
pharynx  and  soft  palate  (except  the  stylo-pliar'yngeus  and  tensor^  palati)  are 
supplied.  The  lingual  branch  is  a  small  nerve  which  separates  itself  from  the 
plexus  and  joins  the  hypoglossal  nerve  in  the  anterior  triangle  of  the  neck. 

The  superior  laryngeal  nerve  (n.  laryngeus  superior)  passes  obliquely  down- 
wards and  inwards,  behind  the  external  and  internal  carotid  arteries,  towards  the 
thyroid  cartilage.  It  divides  in  its  course  into  two  unequal  parts — a  larger  internal 
and  a  smaller  external  laryngeal  nerve. 

The  internal  laryngeal  nerve  (ramus  internus)  passes  inwards  into  the  larynx 
between  the  middle^ and  inferior  constrictor  muscles  of  the  pharyii^^and^irough  the 
thyro-hyoid  membrane.  It  supplies  the  mucous  membrane  of  the  larynx,  reaching 
upwards  to  the  epiglottis  and  base  of  the  tongue,  and  forms  communications  beneath 
the  ala  of  the  thyroid  cartilage  with  the  branches  of  the  inferior  laryngeal  nerve. 

The  external  laryngeal  nerve  (ramus  externus)  passes  downwards  upon  the 
inferior  constrictor  muscle  of  the  pharynx.  It  supplies  branches  to  that  muscle, 
and  ends  in  the  crico- thyroid  muscle. 

Communications. — Besides  supplying  these  phar^aigeal  and  laryngeal  nerves,  the 
ganglion  of  the  trunk  of  the  pneumogastric  has  the  following  communications  with  other 
nerves:  (1)  with  the  superior  cervical  ganglion  of  the  sympathetic ;  (2)  with  the  hypo- 
glossal ;  (3)  with  the  loop  betw^een  the  first  and  second  cervical  nerves ;  and  (4)  with  the 
accessory  part  of  the  spinal  accessory  nerve.  This  part  of  the  nerve  applies  itself  to  the 
ganglion,  and  thereby  supplies  to  the  vagus  nerve  the  inhibitory  fibres  for  the  heart,  as 
well  as  the  motor  fibres  for  the  pharynx,  assophagus,  stomach  and  intestines^  larynx  and 
respiratory  organs. 

Branches  of  the  Pneumogastric  in  the  Neck. — In  the  neck  the  pneumo- 
gastric nerve  supplies  cardiac  branches  and  (on  the  right  side)  the  inferior  or 
recurrent  laryngeal  nerve  (Fig.  532). 

The  cardiac  branches  are  superior  and  inferior.  On  the  right  side  both  cardiac 
branches  pass  downwards  into  the  thorax  behind  the  subclavian  artery,  and  proceed 
alongside  the  trachea  to  join  the  deep  cardiac  plexus.  On  the  left  side  the  two 
nerves  separate  on  reaching  the  thorax.  The  sujjerior  neiwe  passes  deeply  along- 
side the  trachea  to  join  the  deep  cardiac  plexus.  The  inferior  nerve  accompanies 
the  pneumogastric  nerve  over  the  aortic  arch,  along  with  the  superior  cervical 
cardiac  branch  of  the  sympathetic,  to  end  in  the  superficial  cardiac  plexus. 

The  right  inferior  laryngeal  nerve  arises  at  the  root  of  the  neck,  as  the 
pneumogastric  nerve  crosses  over  the  first  part  of  the  subclavian  artery.  It  hooks 
round  the  artery,  and  passes  obliquely  upwards  and  inwards  behind  the  subclavian. 
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the  common  carotid,  and  the  inferior  thyroid  artery  and  the  thyroid  body.  It  finally 
disappears  beneath  the  lower  border  of  the  inferior  constrictor  muscle,  and  ends 
in  supplying  the  muscles  of  the  larynx.  In  its  course  it  gives  off  the  following 
branches : — 

(1)  Cardiac  branches  arise  as  the  nerve  winds  round  the  subclavian  artery,  and 
course  downwards  alongside  the  trachea  to  end  in  the  deep  cardiac  plexus. 

(2)  Communicating  branches  to  the  inferior  cervical  ganglion  of  the  sympathetic 
arise  from  the  nerve  behind  the  subclavian  artery. 

(3)  Muscular  branches  supply  the  trachea,  oesophagus,  and  the  inferior  constrictor 
of  the  pharynx. 

(4)  Terminal  branches  supply  the  muscles  of  the  larynx  (except  the  crico-thyroid) 
and  communicate  beneath  the  ala  of  the  thyroid  cartilage  with  branches  of  the 
internal  laryngeal  nerve. 

Branches  of  the  Vagus  in  the  Thorax. — In  the  thorax  the  pneumogastric 
nerve  forms  the  great  pulmonary  and  oesophageal  plexuses.  The  right  nerve,  in 
addition,  furnishes  cardiac  branches ;  and  the  left  nerve  gives  off  the  inferior  or 
recurrent  laryngeal  nerve. 

The  left  inferior  laryngeal  nerve  differs  from  the  nerve  of  the  right  side  only 
in  its  point  of  origin  and  in  the  early  part  of  its  course.  It  springs  from  the 
pneumogastric  nerve  as  it  crosses  the  aortic  arch,  and,  after  hooking  round  the 
arch  external  to  the  ligamentum  arteriosmn,  it  passes  upwards  in  the  superior 
mediastinum  in  the  interval  between  the  trachea  and  oesophagus  to  the  neck.  In 
the  neck  its  course  and  relations  are  similar  to  those  of  the  nerve  of  the  right  side. 
The  branches  of  the  nerve  are  the  same  as  those  of  the  right  nerve.  The  cardiac 
branches  are  larger,  and,  arising  below  the  aortic  arch,  proceed  to  the  deep  cardiac 
plexus. 

Cardiac  branches  from  the  right  pneumogastric  nerve  arise  in  tlie  superior 
mediastinum,  and  pass  downwards  alongside  the  trachea  to  join  the  deep  cardiac 
plexus.  On  the  right  side  thoracic  cardiac  branches  are  thus  supplied  from  both 
the  trunk  of  the  nerve  and  its  recurrent  branch  ;  07i  the  left  side  the  cardiac  branches 
in  the  thorax  arise  solely  from  the  recurrent  branch. 

Abdominal  Branches. — After  the  formation  of  the  oesophageal  plexus  the 
two  pneumogastric  nerves  resume  their  course,  and  passing  along  with  the  gullet 
through  the  diaphragm,  terminate  by  supplying  the  stomach.  The  right  nerve 
enters  the  abdominal  cavity  behind  the  gullet,  and  is  distributed  to  the  posterior 
surface  of  the  stomach.  It  sends  communicating  offsets  to  the  coeliac,  splenic,  and 
renal  plexuses.  The  left  nerve  applies  itself  to  the  anterior  surface  and  lesser  cur- 
vature of  the  stomach,  to  which  it  is  distributed.  It  sends  communicating  offsets 
along  the  lesser  curvature  of  the  stomach  to  the  right  pneumogastric,  and  between 
the  layers  of  the  small  omentum  to  the  hepatic  plexus. 

The  Thoracic  Plexuses. 

Cardiac  Plexuses. — The  cardiac  branches  of  the  pneumogastric  nerve  (both 
cervical  and  thoracic)  combine  with  the  cervical  cardiac  branches  of  the  sympathetic 
to  form  the  superficial  and  deep  cardiac  plexuses. 

The  superficial  cardiac  plexus  is  placed  in  the  hollow  of  the  aortic_arch, 
superficial  to  the  pericardium.  It  contains  a  small  ganglion  (ganglion  of  Wrisberg), 
and  is  joined  by  two  small  nerves — (1)  the  cardiac  branch  from  the  superior 
cervical  ganglion  of  the  sympathetic,  and  (2)  the  inferior  cervical  cardiac  branch 
of  the  pneumogastric — both  of  the  left  side — which  reach  it  after  passing  over  the 
arch  of  the  aorta. 

Branches  and  Communications. — From  the  plexus  branches  of  communication 
pass  (1)  to  the  left  half  of  the  deep  cardiac  plexus,  between  the  aortic  arch  and  the 
bifurcation  of  the  pulmonary  artery ;  (2)  to  the  left  anterior  pulmonary  plexus 
along  the  left  branch  of  the  pulmonary  artery ;  (3)  the  branches  of  distribution  to 
the  heart  extend  along  the  pulmonary  artery  to  join  the  anterior  or  right  coronary- 
plexus,  which  supplies  the  substance  of  the  heart  in  the  course  of  the  right 
coronary  artery. 
48  & 
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The  deep  cardiac  plexus  is  much  the  larger.  It  is  placed  behind  the  arch  of 
the  aorta,  on  the  sides  of  the  trachea,  just  above  its  bifurcation.  It  consists  of 
two  lateral  parts,  joined  together  by  numerous  communications  around  the  termina- 
tion of  the  trachea.  The  two  portions  of  the  plexus 
are  difterent  in  their  constitution  and  distribution. 
The  right  half  of  the  plexus  is  joined  by  both  the 
cervical  and  thoracic  branches  of  the  right  pneumo- 
gastric  and  by  the  branches  of  the  right  inferior 
laryngeal  nerve,  as  well  as  by  branches  from  the 
superior,  middle,  and  inferior  cervical  ganglia  of  the 
sympathetic.  The  left  half  of  the  plexus  is  joined  by 
the  superior  cervical  cardiac  branch  of  the  left  pneumo- 
gastric,  b}^  branches  from  the  left  inferior  laryngeal 
nerve,  and  by  branches  from  the  middle  and  inferior 
cervical  ganglia  of  the  left  sympathetic ;  it  also 
receives  a  contribution  from  the  superficial  cardiac 
plexus. 

The  deep  cardiac  plexus  is  distributed  to  the 
heart  and  lungs.  The  riglit  half  of  the  plexus  for 
the  most  part  constitutes  the  anterior  or  right  coronary- 
plexus,  reaching  the  heart  alongside  the  ascending 
aorta,  and  is  distributed  to  the  heart  substance  in 
the  course  of  the  right  coronary  artery.  It  is  rein- 
forced by  fibres  from  the  superficial  cardiac  plexus, 
which  reach  the  heart  along  the  pulmonary  artery. 
Fibres  from  the  right  half  of  the  deep  cardiac  plexus 
pass  also  to  join  the  posterior  or  left  coronary  plexus, 
and  others  extend  outwards  to  join  the  anterior 
pulmonary  plexus  of  the  right  side. 

The  left  half  of  the  deep  cardiac  plexus,  reinforced 
by  fibres  from  the  superficial  cardiac  plexus,  is  dis- 
tributed to  the  heart  in  the  form  of  the  left  or 
posterior  coronary  plexus,  which  is  joined  by  a  few 
fibres  behind  the  pulmonary  artery  from  the  right 
half  of  the  plexus,  and  supplies  the  heart  substance 
in  the  course  of  the  left  coronary  artery.  The  left 
half  of  the  plexus  contributes  also  to  the  left  anterior 
pulmonary  plexus  by  fibres  which  extend  outwards  to 
the  root  of  the  lung  alojig  the  left  branch  of  the 
pulmonary  artery. 

Pulmonary  Plexuses. — As  already  stated,  the 
pneumogastric  nerve  on  each  side,  on  reaching  the 
back  of  the  root  of  the  lung,  breaks  up  into  numerous 
plexiform  branches  for  the  formation  of  the  posterior 
pulmonary  plexus.  From  each  nerve  a  few  fibres  pass 
to  the  front  of  the  root  of  the  lung,  above  its  upper 
tiieticbraiidies;Va,  Pneumogastric  to  fomi  the  much  smaller  anterior  pulmonary 

nerve  ;   R.L,  Recurrent  laryngeal     ,  ' 
s,  Superior,  and  i,  Inferior  plexus. 

The  anterior  pulmonary  plexus  on  each  side  is 
joined  by  a  few  fibres  from  the  corresponding  part  of 
the  deep  cardiac  plexus,  and  on  the  left  side  from 
the  superficial  cardiac  plexus  as  well.  It  surrounds 
and  supplies  the  constituents  of  the  root  of  the  lung 
anteriorly. 

The  posterior  pulmonary  plexus,  placed  behind 
the  root  of  the  lung,  is  formed  by  the  greater  part  of  the  pneumogastric  nerve, 
reinforced  by  fine  branches  from  the  second,  third,  and  fourth  thoracic  ganglia 
of  the  sympathetic.  Numerous  branches  proceed  from  it  in  a  plexiform  manner 
along  the  bronchi  and  vessels  into  the  substance  of  the  lung. 


Fig.  533. — The  Constitotion  of 
THE  Cardiac  Plexuses. 

Sy,  Cervical  sympatlietic  cord  ;  C.l, 
Superior,  C.2,  Middle,  and  C.3,  In- 
ferior cervical  ganglia  ;  Car.  1,  Su- 
perior, Car.  2,  Middle,  and  Car.  3, 
Inferior   cervical   cardiac  synipa- 

branclies ;  Va,  Pneum 
nerve  ~ 
nerve : 

cervical  cardiac  branches  of  vagus  ; 
D.  CP,  Deep  cardiac  plexus;  S.  CP, 
Superficial  cardiac  plexus  ;  A.P.P, 
Anterior  pulmonary  plexus  ;  P.P.P, 
Posterior  pulmonary  plexus  ; 
R.Car.P,  Right,  and  L.Car.P,  Left 
coronary  plexuses  ;  Art.Pul,  Pul- 
monary artery. 


THE  ELEVENTH  OR  SPINAL  ACCESSORY  NERVE. 


695 


(Esophageal  Plexus  (plexus 
guhe).  —  The  oesophagus  in  the 
thorax  is  supplied  by  the  pneu  mo- 
gastric  nerve  both  in  the  superior 
and  posterior  mediastinum.  In 
thesuiMrior  mecliastimim  it  receives 
branches  from  the  pneumogastric 
nerve  on  the  right  side,  and  from 
its  recurrent  laryngeal  branch  on 
the  left  side. 

In  the  'posterior  mediastinum 
it  is  surrounded  by  the  cesophageal 
plexus,  formed  from  the  trunks  of 
the  pneumogastric  nerves  emerg- 
ing from  the  posterior  pulmonary 
plexus,  which  form  a  large  plexus 
surrounding  the  gullet.  This  part 
of  thecesophagus  alsoreceives  fibres 
from  the  great  splanchnic  nerve 
and  ganglion.  From  the  oesoph ageal 
plexus  branches  supply  the  mus- 
cular wall  and  mucous  membrane 
of  the  oesophagus. 

Pericardiac  branches  are  also 
supplied  from  the  plexus  to  the 
posterior  surface  of  the  peri- 
cardium. 

The  Eleventh  or  Spinal 
Accessory  Nerve. 

The  spinal  accessory  nerve  (n. 
accessorius)  consists  of  two  es- 
sentially separate  parts,  different 
both  in  origin  and  in  distribution. 
One  portion  is  accessory  to  the 
vagus  nerve,  and  arises,  in  series 
with  the  fibres  of  that  nerve,  from 
the  side  of  the  medulla  oblongata. 
The  other,  spinal  portion,  arises 
from  the  lateral  aspect  of  the 
spinal  cord,  between  the  ventral 
and  dorsal  roots  of  the  spinal 
nerves,  its  origin  extending  from 
the  level  of  the  accessory  portion 
as  low  as  the  origin  of  the  sixth 
c_ervicaijierva  (for  the  deep  origin, 
see  p.  516).  Successively  joining 
together,  the  rootlets  form  a  trunk 
which  ascends  in  the  subdural 
space  of  the  spinal  cord,  behind 


the  ligamentum  denticulatum,  to 
the  foramen  mac^num.    There  the 


Fi«.  534. — The  Distribution  of  the  Pneumogastric  Nerve. 

Va.R,  Va.L,  Right  and  left  vagi  ;  r,  G-anglion  of  the  root  and 
connexions  with  Sy,  Sympathetic,  superior  cervical  gang- 
lion ;  G.Ph,  Glosso-pharyngeal  ;  Acc,  Spinal  accessory 
nerve  ;  ra,  Meningeal  branch  ;  Anr,  Auricular  l:)ranch  ;  t, 
Ganglion  of  the  trunk  and  connexions  with  Hy,  Hypo- 
glossal nerve  ;  CI,  C2,  Loop  between  the  first  two  cervical 
nerves  ;  Sy,  Sympathetic  ;  Acc,  Spinal  accessory  nerve  ;  Ph.  Pharyngeal  branch  ;  Ph. PI,  Pharyngeal  plexus  ; 
S.L,  Superior  laryngeal  nerve;  I.L,  Liternal  laryngeal  branch;  E.L,  External  laryngeal  branch;  I.C, 
Internal,  and  E.C,  External  carotid  arteries  ;  Cal,  Superior  cervical  cardiac  branch  ;  Ca2,  Inferior  cervical 
cardiac  branch  ;  R.L,  Recurrent  laryngeal  nerve  ;  Ca3,  Cardiac  branches  from  recurrent  laryngeal  nerves  ; 
Ca4,  Thoracic  cardiac  branch  (right  vagus)  ;  A.P.Pl,  Anterior,  and  P.P. PI,  Posterior  pulmonary  plexuses  ; 
Oes.Pl,  Oesophageal  plexus  ;  Gast.R,  and  Gast.L,  Gastric  branches  of  vagus  (right  and  left)  ;  Co3.Pl, 
Cceliac  plexus  ;  Hep.  PI,  Hepatic  plexus  ;  Spl.Pl,  Splenic  plexus  ;  Ren.  PI,  Renal  plexus. 

48  c 


696 


THE  NEEYOUS  SYSTEM. 


accessory  and  spinal  portions  unite  into  a  single  trunk,  which  leaves  the  cranial 
cavity  through  the  jugular  foramen  in  the  same  compartment  of  dura  mater 
as  the  pneumogastric  nerve  (Fig.  522,  p.  678). 

In  the  jugular  foramen  the  accessory  portion 
of  the  nerve  (after  furnishing  a  small  branch  to 
the  ganglion  of  the  root  of  the  pneumogastric 
nerve)  applies  itself  to  the  ganglion  of  the  trunk, 
and  in  part  joins  the  ganglion,  in  part  the  trunk 
of  the  nerve  beyond  the  ganglion.  By  means  of 
these  connexions  the  pneumogastric  receives 
viscero-motor  and  cardio-inhibitory  fibres. 

The  spinal  portion  of  the  nerve  extends  into 
the  neck,  where  at  first  it  lies  along  with  other 
nerves,  in  the  interval  between  the  internal 
carotid  artery  and  the  internal  jugular  vein. 
Passing  obliquely  downwards  and  outwards  over 
the  vein,  it  descends  beneath  the  sterno-mastoid 
muscle,  which  it  supplies  as  it  pierces  it  on  its 
deep  surface.  After  crossing  the  posterior 
triangle  the  nerve  ends  by  supplying  the 
trapezius  muscle  on  its  under  surface.  The 
spinal  portion  of  the  nerve  communicates  in  three 
situations  with  nerves  from  the  cervical  plexus — 
(1)  in  or  beneath  the  sterno-mastoid,  with  the 
branch  for  the  muscle  derived  from  the  second 
cervical  nerve  ;  (2)  in  the  posterior  triangle,  with 
branches  from  the  third  and  fourth  cervical 
nerves ;.  (3)  beneath  the  trapezius,  with  the 
branches  for  the  muscle  derived  from  the  third 
and  fourth  cervical  nerves. 

The  Twelfth  ok  Hypoglossal  Nerve. 

The  hypoglossal  nerve  (n.  hypoglossus)  arises 
by  numerous  radicles  from  the  front  of  the  med- 
ulla oblongata  between  the  pyramid  and  the  -olive 
(Fig.  517,  p.  675)  (for  deep  origin,  see  p.  515). 
The  root  fibres  arrange  themselves  in  two  bundles 
which  separately  pierce  the  dura  mater,  and  unite  in  the  anterior  condyloid  foramen, 
or  after  emerging  from  the  skull.  In  the  neck  the  nerve  arches  downwards 
and  forwards  towards  the  hyoid  bone,  and  then  turns  inwards  among  the  supra- 
hyoid muscles  to  the  tongue.  At  first  it  is  placed  deeply,  along  with  other  cranial 
nerves,  on  the  outer  side  of  the  internal  carotid  artery ;  it  then  curves  forwards 
and  downwards  over  the  two  carotid  arteries  lying  beneath  the  digastric  and  stylo- 
hyoid muscles.  As  it  crosses  the  external  carotid  artery  it  hooks  round  the  occipital 
artery.  Above  the  great  cornu  of  the  hyoid  bone  the  nerve  conceals  the  lingual 
artery ;  and  it  then  disappears  between  the  mylo-hyoid  and  hyo-glossus  muscles  to 
reach  the  tongue,  in  the  muscular  substance  of  which  it  terminates. 

Communications. — In  its  course  the  hypoglossal  nerve  has  the  following  commiuiica- 
tions  with  other  nerves  : — Near  the  base  of  the  skull  it  is  connected  by  small  branches 
with  (1)  the  superior  cervical  ganglion  of  the  sympathetic ;  (2)  the  ganglion  of  the  trunk 
of  the  pneumogastric  ;  (3)  by  a  larger  branch,  with  the  loop  between  the  first  tw^o  cervical 
nerves ;  (4)  as  it  crosses  the  external  carotid  artery  it  receives  a  communication  from  the 
pharyngeal  plexus  {lingual  hranch  of  the  vagus) ;  and  (5)  beneath  the  mylo-hyoid  nuiscle, 
at  the  anterior  border  of  the  hyo-glossus,  it  forms  loops  of  communication  with  the  lingual 
branch  of  the  inferior  maxillary  nerve. 

The  branches  of  the  nerve  are: — (1)  Ptccurrent ;  (2)  Descending;  (3)  Thyro- 
hyoid ;  and  (4)  Lingual. 


Fig.  535. — Scheme  of  the  Origin,  Con- 
nexions, AND  Distribution  of  the 
Spinal  Accessory  Nerve. 

Sp.Acc,  Spinal  accessory  nerve  ;  C.1-4,  First 
four  cervical  nerves  (dorsal  roots)  ; 
Va,  Pneumogastric  nerve  ;  E,  Ganglion 
of  the  root  ;  T,  Ganglion  of  the  trunk  ; 
G.Ph,  Glosso-pharyngeal  nerve  ;  S.M, 
Nerves  to  sterno-cleido-mastoid  ;  Tr, 
Nerves  to  trapezius  ;  F.M,  Foramen 
magnum  ;  J.  F,  Jugular  foramen. 
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The  recurrent  branch  passes  from  the  nerve  near  its  orign  to  supply  the  dura 
mater  of  the  posterior  fossa  of  the  base  of  the  skull.  It  probably  derives  its  fibres 
from  the  communication  with  the  first  and  second  cervical  nerves. 

The  descending  hypoglossal  nerve  (n.  descendens)  is  the  chief  branch  given  off  in 
the  neck.  It  arises  from  the  hypoglossal  nerve  as  it  crosses  the  internal  carotid 
artery,  and  descends  in  the  anterior  triangle  in  front  of  the  carotid  sheath.  It  is 
joined  about  the  middle  of  the  neck  by  the  descending  cervical  nerve  (from  the 
second  and  third  cervical  nerves).    By  their  union  the  hypoglossal  loop  (ansa 

Hypoglossal  nerve     Vagus  nerve 
Recurrent  branch    |     |     Superior  cervical  ganglion  of  the  sympathetic 


Fig.  536. — The  Muscles  of  the  Hyoid  Bone  and  Styloid  Process,  and  the  Extrinsic  Muscles  of 

THE  Tongue  with  their  Nerves. 


hypoglossi)  is  formed,  from  which  branches  are  distributed  to  the  majority  of  the 
infra-hyoid  muscles — both  bellies  of  the  oino-hyoid,  the  sterno-hyoid,  and  the 
sterno- thyroid.  The  descending  hypoglossal  nerve  derives  its  fibres  from  the  com- 
munication to  the  hypoglossal  nerve  from  the  loop  between  the  first  and  second 
cervical  nerves ;  so  that  the  ansa  hypoglossi  is  made  up  of  fibres  of  the  first  three 
cervical  nerves. 

The  nerve  to  the  thyro-hyoid  muscle  is  a  small  branch  which  arises  from  the 
hypoglossal  nerve  before  it  passes  beneath  the  mylo-hyoid  muscle.  It  descends 
behind  the  great  cornu  of  the  hyoid  bone  to  reach  the  muscle.  When  traced 
backwards  this  nerve  is  found  associated  with  the  loop  between  the  first  and  second 
cervical  nerves. 
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The  lingual  branches  of  the  hypoglossal  nerve  are  distributed  to  the  hyo-glossus, 
genio-hyoid,  and  genio-hyo-glossus,  and  to  all  the  intrinsic  muscles  of  the  tongue. 
The  nerve  to  the  genio-hyoid  is  said  to  be  derived  from  the  loop  between  the 
first  and  second  cervical  nerves.  It  is  not  known  if  these  two  nerves  are  implicated 
in  the  innervation  of  the  proper  muscles  of  the  tongue,  but  it  appears  certain  that 
the  muscles  named — the  genio-hyoid,  thyro-hyoid,  sterno-hyoid,  omo-hyoid,  and 
sterno- thyroid — are  not  supplied  by  the  hypoglossal,  but  only  by  cervical  nerves, 
the  genio-liyoid  by  the  first  two,  the  other  muscles  by  the  first  three  cervical  nerves. 

THE  DEVELOPMENT  OF  THE  CRANIAL  NERVES. 

Omitting  the  first  and  second  nerves,  there  is  an  obvious  likeness  in  the 
development  of  the  several  cranial  nerves  to  the  formation  of  the  dorsal,  afferent  or 
sensory,  and  the  ventral,  efferent  or  motor,  roots  of  the  spinal  nerves.  The  afferent 
roots  of  the  cranial  nerves  arise  from  collections  of  cells  which  bud  off  from  the 
alar  lamina  of  the  brain,  homologous  with  the  dorso-lateral  part  of  the  spinal  cord. 
These  cells  give  rise  to  central  and  peripheral  processes,  like  the  similar  processes 
from  the  dorsal  ganglia  of  the  spinal  nerves,  producing  on  the  one  hand  the  root 
fibres  connected  with  the  brain,  and  on  the  other  hand  the  fibres  of  the  nerve 
proceeding  to  the  periphery.  The  efferent  roots,  like  the  ventral  roots  of  the  spinal 
nerves,  arise  as  the  peripheral  processes  of  neuroblasts  located  in  the  basal  lamina 
of  the  primitive  brain,  which  is  homologous  with  the  ventrodateral  portion  of  the 
spinal  cord.  The  different  efferent  nerves  may  be  separated  into  two  series, 
according  as  they  arise  from  the  mesial  or  lateral  parts  of  the  basal  lamina.  The 
third,  fourth,  sixth,  and  twelfth  nerves  arise  from  the  mesial  part  of  the  lamina  ;  the 
efferent  fibres  of  the  fifth,  seventh,  ninth,  tenth,  and  eleventh  nerves  arise  from  the 
lateral  part  of  the  lamiEa. 

The  olfactory  nerves  are  associated  in  their  development  with  the  formation  of  the 
nasal  pit  and  the  olfactory  bulb. 

The  nasal  pits  appear  in  each  side  of  the  front  of  the  head  at  a  little  later  period  than 
the  formation  of  the  lens  and  the  auditory  vesicle.  They  become  converted  into  the  nasal 
cavities  by  the  formation  of  the  pre-oral  visceral  clefts  and  arches, — fronto-nasal  and 
ethmo-vomerine  in  the  middle  line,  and  lateral  ethmoid  and  maxillary  processes  at  the 
sides  (p.  38). 

The  Rhinencephalon  or  olfactory  bulb  is  a  hollow  ontgrowth  from  each  telencephalon 
or  cerebral  hemisphere,  which  appears  in  the  first  month.  It  grows  forwards  into  relation 
with  the  deep  surface  of  the  nasal  pit.  In  many  animals  (as  in  the  horse)  the  olfactory 
bulb  remains  hollow  ;  but  in  the  human  subject  it  loses  its  lumen  and  becomes  a  solid 
bulb  (olfactory  bulb)  connected  to  the  brain  by  a  narrow  stalk,  the  olfactory  tract. 

The  epithelium  of  the  nasal  pit  is  responsible  for  the  formation  of  the  olfactory  nerves. 
There  are  two  views  as  to  the  mode  of  their  development  from  the  epithelial  cells.  Both 
views  admit  the  proliferation  of  the  epithelium  of  the  nasal  pit  so  as  to  produce  neuroblasts. 
According  to  the  one  view  these  neuroblasts  detach  themselves  from  the  epithelial  surface, 
and  constitute  an  olfactory  ganglion  which  becomes  applied  to  and  incorporated  with  the 
olfactory  bulb.  The  cells  of  the  ganglion  become  bi-polar,  and  the  peripheral  axons 
constitute  the  olfactory  nerves,  while  the  central  axons  (in  the  second  month)  proceed  back- 
wards to  the  brain  along  the  olfactory  tract.  According  to  the  other  view  (based  on  Disse's 
investigations),  the  proliferating  cells  of  the  nasal  epithelium  remain  in  the  wall  of  the 
nasal  pit,  and  become  the  olfactory  cells  of  the  nasal  cavity,  with  peripheral  processes 
projecting  to  the  surface  of  the  epithelium.  Their  central  axons  become  the  olfactory 
nerve  fibres  which  end  in  the  olfactory  bulb,  forming  dendrites  associated  with  the  dendritic 
processes  of  the  nerve-cells  of  the  bulb.  The  central  axons  of  these  latter  cells  develop 
into  the  fibres  of  the  olfactory  tract. 

The  optic  nerve  is  developed  w^hoUy  from  the  brain.  Its  formation  begins  with  the 
outgrowth  of  the  optic  vesicle,  a  paired  hollow  outgrowth  from  the  ventral  surface  of  the 
thalamencephalon.  The  epiblastic  invagination  of  the  lens,  growing  inwards  from  the 
surface  of  the  head,  causes  the  collapse  of  the  vesicle  and  its  conversion  into  the  optic 
cup,  the  narrow  tube  connecting  the  vesicle  to  the  brain  becoming  the  optic  stalk.  This 
stalk  becomes  solid,  and  forms  the  basis  of  the  optic  tract,  optic  commissure,  and  optic 
nerve.  The  optic  cup,  bilaminar  in  form,  and  by  its  edge  clasping  the  lens,  is  embedded 
in  n^esoblastic  tissue,  which  gives  rise  to  the  envelopes  of  the  eyeball,  etc.    The  outer 
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layer  of  the  optic  cup  produces  the  layer  of  hexagonal  pigment  cells  of  the  retina.  The 
cells  of  the  inner  layer  produce  the  tissue  of  the  retina  proper.  They  form  neuroblasts 
with  peripheral  and  central  processes.  The  peripheral  processes  are  converted  into  retinal 
nerve  tissues ;  the  central  processes  extend  backwards  along  the  optic  stalk,  and  give  rise 
to  the  fibrous  structure  of  the  optic  nerve,  optic  commissure,  and  optic  tract.  Spongio- 
blasts in  the  inner  lamina  of  the  optic  cup  produce  the  sustentacular  tissue  of  the  retina 
(Mliller's  fibres).  The  mesoblastic  tissue  surrounding  the  optic  cup  and  lens  gives  rise  to 
the  rest  of  the  structure  of  the  eyeball,  the  formation  of  which  is  described  in  the  section 
Avhich  deals  with  the  organs  of  sense. 

The  oculo-motor  nerve  arises,  like  the  ventral  root  of  a  spinal  nerve,  from  a  group 
of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  of  the  mid-brain.  The  peripheral 
fibres  extend  forwards,  to  end  around  the  optic  cup  in  the  mesoblastic  tissue,  from  which 
the  eye  muscles  are  derived.  Numerous  cells  are  carried  along  with  the  cell  processes  in 
their  course,  and  these  have  been  described  as  being  concerned  in  the  formation  of  the 
ciliary  ganglion. 

The  trochlear  nerve  also  arises  from  a  group  of  neuroblasts  occupying  the  mesial 
part  of  the  basal  lamina  of  the  mid-brain,  close  to  its  junction  with  the  hind-brain.  The 
peripheral  processes  do  not  emerge  directly  from  the  brain,  but  extend  dorsally  from  their 
origin  along  the  side  of  the  brain  to  its  dorsal  aspect,  where  they  appear,  after  decussating 
with  the  fibres  of  the  opposite  nerve,  just  behind  the  quadrigeminal  lamina. 

The  trigeminal  nerve  is  developed  by  means  of  a  large  dorsal  and  a  small  ventral 
root.  Their  origin  to  a  large  extent  resembles  the  mode  of  formation  of  the  roots  of  a 
spinal  nerve. 

The  large  dorsal  (afferent)  root  is  formed  by  means  of  a  cellular  bud  from  the  alar 
lamina  of  the  hind-brain.  This  bud  separates  from  the  brain,  and  forms  the  Gasserian 
ganglion.  Its  cells  becoming  bipolar,  like  the  cells  of  a  spinal  ganglion,  are  secondarily 
connected  with  the  brain  by  means  of  their  central  processes ;  while  the  peripheral  pro- 
cesses, separating  into  three  groups,  proceed  along  the  fronto-nasal  and  maxillary  processes, 
and  along  the  mandibular  arch,  to  form  the  three  main  divisions  of  the  nerve.  Numerous 
cells  accompany  each  main  division  in  its  course  from  the  ganglion,  and  form  eventually 
the  subordinate  ganglia— the  ciliary  on  the  ophthalmic  nerve,  the  spheno-palatine  on  the 
superior  maxillary  nerve,  and  the  otio.  ganglion  on  the  inferior  maxillary  nerve. 

The  small  ventral  (efferent)  root  of  the  trigeminal  nerve,  like  the  motor  ventral  root 
of  a  spinal  nerve,  is  later  in  its  appearance  than  the  sensory  root.  It  arises  as  the  peri- 
pheral fibres  of  a  group  of  neuroblasts  occupying  the  lateral  part  of  the  basal  lamina  of 
the  hind-brain,  which  proceed  directly  to  the  surface  to  join  the  inferior  maxillary  division 
of  the  nerve. 

The  abducent  nerve  resembles  in  its  mode  of  development  the  oculo-motor  and 
trochlear  nerves  with  which  in  its  origin  it  is  in  series.  It  is  formed  by  the  peripheral 
processes  of  a  group  of  neuroblasts  in  the  mesial  part  of  the  basal  lamina  in  the  upper 
part  of  the  hind-brain.  These  processes  pierce  the  part  of  the  brain  in  which,  at  a  later 
stage,  the  fibres  of  the  pyramid  are  developed.  They  then  proceed  to  the  mesoblastic 
tissue  round  the  optic  cup,  which  is  destined  to  form  the  eye  muscles. 

The  facial  nerve  has  developmentally  a  double  origin.  (1)  In  connexion  with 
the  formation  of  the  auditory  nerve  a  group  of  cells  becomes  separated  from  the  alar 
lamina  of  the  hind-brain  opposite  the  auditory  vesicle.  This  group  becomes  separated 
into  three  parts,  of  which  the  middle  portion  is  the  rudiment  of  the  geniculate  ganglion 
(or  afferent  root).  (2)  The  efferent  root  of  the  nerve  arises  from  a  group  of  neuroblasts 
in  the  lateral  part  of  the  basal  lamina  of  the  hind-brain,  in  series  with  efterent  fibres  of 
the  vago-glosso- pharyngeal  nerves;  after  a  tortuous  course  within  the  brain  its  fibres 
emerge  beneath  the  above-mentioned  cellular  mass,  opposite  the  auditory  vesicle.  They 
are  joined  by  the  ganglionic  root,  and  in  their  course  round  the  auditory  vesicle  become 
embedded  in  the  auditory  capsule  (aqueduct  of  Fallopius).  The  chorda  tympani  nerve 
appears  early  as  a  branch  of  the  facial  nerve.  It  is  probable  that  the  pars  intermedia, 
the  geniculate  ganglion,  and  the  chorda  tympani  nerve  together  represent  the  dorsal 
afferent  element  in  the  constitution  of  this  nerve. 

The  auditory  nerve  arises  as  a  cellular  bud  from  the  alar  lamina  of  the  hind-brain, 
dorsal  to  the  eff'erent  portion  of  the  facial  nerve  and  opposite  to  the  auditory  vesicle,  and 
in  close  association  with  the  latter. 

Becoming  separated  from  the  brain,  the  cellular  mass  separates  into  three  portions,  of 
which  the  middle  part  is  associated  with  the  facial  nerve  and  pars  intermedia  (as  the 
geniculate  ganglion),  while  the  mesial  and  lateral  parts  are  converted  into  the  mesial 
(vestibular)  and  lateral  (cochlear)  ganglia  and  roots  of  the  auditory  nerve.    The  cells 
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becoming  bipolar,  their  central  processes  are  secondarily  connected  with  the  brain  on 
the  dorsal  (lateral)  aspect  of  the  facial  nerve ;  the  peripheral  processes  proceed  to  the 
auditory  vesicle,  to  which  they  are  distributed  as  the  vestibular  and  cochlear  nerves. 
Numerous  cells  are  carried  along  with  the  nerve  trunks  into  relation  w4th  the  auditory 
capsule,  and  constitute  the  vestibular  and  cochlear  ganglia. 

The  glosso-pharyngeal  and  pneumogastric  nerves  are  developed  from  the  side 
of  the  hind-brain,  both  in  the  same  way,  and  each  by  two  roots.  A  collection  of  cells 
separates  itself  from  the  alar  lamina  of  the  hind-brain  behind  the  auditory  vesicle  to  form 
the  ganglionic  afferent  root.  The  ganglion  of  the  pneumogastric  is  much  larger  than  that 
of  the  glosso-pharyngeal.  Each  ganglion  becomes  divided  into  two  parts,  a  proximal  and  a 
distal  portion,  connected  together  by  a  commissural  band  of  fibres.  The  proximal  ganglion 
(jugular  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  root  of  the  pneumogastric) 
is  secondarily  connected  by  centripetal  fibres  to  the  hind-brain.  From  the  distal  ganglion 
(petrous  ganglion  of  the  glosso-pharyngeal ;  ganglion  of  the  trunk  of  the  pneumogastric) 
peripheral  fibres  grow  outwards  to  form  the  nerve  trunk. 

Each  nerve  is  also  provided  with  a  small  efferent  root,  consisting  of  nerve  fibres, 
arising  from  a  collection  of  neuroblasts  in  the  lateral  part  of  the  basal  lamina  of  the  hind- 


FiG.  537. — Comparison  of  Origins  of  Nerve  Roots  from  Spinal  Cord  and  Hind-Brain  (after  His). 

A.  Spinal  cord  ;  B.  Hind-brain. 

brain,  and  emerging  beneath  the  ganglionic  root  at  the  junction  of  the  alar  and  basal 
laminse  (in  series  with  the  fibres  of  the  efferent  root  of  the  facial  nerve  above  and  of  the 
spinal  accessory  nerve  below). 

The  spinal  accessory  nerve  arises  in  two  parts — one  medullary,  the  other  spinal. 
The  medullary  (accessory)  portion  develops  as  the  processes  of  a  series  of  neuroblasts  in 
the  lateral  portion  of  the  basal  lamina  of  the  hind-brain,  which  emerge  in  series  with  the 
efferent  roots  of  the  glosso-pharyngeal  and  pneumogastric  nerves.  The  spinal  portion 
arises  as  the  processes  of  a  group  of  neuroblasts  in  the  ventral  part  of  the  medullary  tube 
(anterior  cornu),  which,  turning  outwards,  emerge  as  a  series  of  roots  on  the  lateral  aspect 
of  the  spinal  cord. 

The  hypoglossal  nerve  is  developed,  not  in  series  with  the  nerves  above  mentioned, 
but  like  the  third,  fourth,  and  sixth  nerves,  from  the  mesial  part  of  the  basal  lamina 
of  the  hind-brain,  in  the  space  between  the  glosso-pharyngeal  and  other  nerves  above, 
and  the  first  cervical  nerve  below.  It  is  formed  as  a  series  of  j^eripheral  processes  from  a 
collection  of  neuroblasts  occupying  the  hind -brain.  Froriep's  ganglion  is  a  transitory 
collection  of  nerve  cells  developed  from  the  alar  lamina  of  the  hind-brain  on  the  dorsal 
aspect  of  the  nerve,  and  represents  in  a  rudimentary  condition  its  dorsal  ganglionic  root. 
It  gives  off  no  branches  and  soon  disappears. 

THE  MORPHOLOGY  OF  THE  CRANIAL  NERVES. 

The  head  and  face,  possibly  the  oldest,  and  from  every  point  of  view  the  most  fundamental 
and  important  portion  of  the  bodily  fabric,  present  in  some  resjDects  a  more  conservative  type  of 
structure,  and  in  other  aspects  have  been  subject  to  more  profound  alterations  than  other  parts 
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of  the  body.  Segmentation  is  characteiistic  of  the  trunk,  joervacling  bones,  nmscles,  vessels,  and 
nerves.  An  absence  of  true  segmentation  is  characteristic  of  the  head  region — omitting  for  the 
moment  the  cranial  nerves.  The  head  is  characterised  by  the  possession  of  an  unsegmented 
tubular  nervous  system,  enclosed  in  a  bony  caj^sule  not  obviously  segmental,  with  which  the 
capsules  of  the  sense-organs  become  united.  The  jore-oral  and  post-oral  visceral  arches  and  clefts 
are  not  truly  segmental  like  the  costal  arches  of  the  trunk.  The  branchial  clefts  are  said  to  be 
inter-segmental ;  and  their  muscles  (associated  with  the  myoblast  surrounding  the  developing 
heart)  are  described  as  visceral,  and  not  myotomic,  so  that  the  branchial  vessels  and  nerves 
(similarly)  are  not  to  be  regarded  as  comparable  to  the  segmental  vessels  and  nerves  of  the  trunk. 
The  truly  segmental  structures  present  are  certain  persistent  myotomes  or  muscle  plates,  whicli 
give  rise  to  muscles  innervated  by  the  third,  fourth,  sixth,  and  twelfth  cranial  nerves. 

Another  difficulty  m  the  morphology  of  the  head  arises  in  the  absence  of  body  cavity,  and 
the  consequent  difficulty  of  differentiating  the  somatic  and  splanchnic  mesoblast,  and  the  somatic 
and  splanchnic  distribution  of  a  given  nerve. 

Under  these  circumstances  there  is  little  help  to  be  derived  from  head  structures  other  than 
the  nerves  themselves  in  seeking  a  solution  of  the  cj[uestion  of  the  morf)hological  relations  of  the 
cranial  nerves.  The  spinal  nerves  are,  generally  speaking,  all  alike.  The  cranial  nerves,  on  the 
other  hand,  are  all  different.  Scarcely  any  two  nerves  are  alike ;  and  no  single  cranial  nerve 
possesses  in  itself  all  the  characteristic  features  of  a  spinal  nerve.  As  seen  in  relation  to  their 
development,  the  cranial  nervous  system  possesses  a  series  of  dorsal  ganglia,  comparable  in 
position  and  development  to  the  spinal  ganglia  from  which  afferent  nerves  arise  ;  and  the 
efferent  roots  are  developed  in  the  same  way,  and  occupy  somewhat  the  same  position  as  the 
ventral  roots  of  the  spinal  nerves.  But  there  is  no  single  complete  segmental  nerve  in  the  head. 
The  very  essence  of  the  architecture  of  the  head  is  a  want  of  segmentation ;  and  this  character 
is  sharecl  by  the  cranial  nerves.  In  addition  it  must  be  borne  in  mind  that,  in  relation  to  the 
mammalian  head,  there  are  organs  which  have  no  homologues  in  the  trunk,  and  on  whose 
existence  the  arrangement  of  the  cranial  nerves  depends — e.g.  sense-organs  and  gill-arches. 

Among  the  cranial  nerves  there  are  several  which  possess  a  resemblance  to  one  or  other  of 
the  elements  of  a  typical  spinal  nerve.  In  the  neck  the  origin  of  the  fibres  of  the  spinal 
accessory  nerve  is  from  the  side  of  the  spinal  cord,  and  it  is  in  series  with  the  motor  roots  of 
the  vago-glosso-pharyngeal,  facial,  and  fifth  nerves.  His  (as  shown  in  the  account  of  the 
development  of  the  nerves)  has  described  the  neuroblastic  origin  of  the  motor  roots  of  these 
nerves  from  the  lateral  j)art  of  the  basal  lamina  of  the  primitive  brain.  They  thus  form  a  series 
apart — lateral  motor  roots — sej^arable  from  the  series  of  motor  roots  originating  from  the  mesial 
part  of  the  basal  lamina,  comprising  those  of  the  third,  fourth,  sixth,  and  twelfth  nerves  ;  the 
latter  nerve  roots  being  comparable  to  and  in  series  with  the  ventral  roots  of  the  spinal  nerves. 
The  lateral  motor  roots  are  not  represented  in  the  spinal  series  excejDt  in  the  neck.  It  is 
questionable  if  there  is  any  fundamental  distinction  between  the  lateral  and  ventral  motor  roots 
of  the  cranial  nerves.  The  spinal  accessory  fibres,  for  example,  when  traced  into  the  spinal  cord, 
have  an  origin  from  the  anterior  cornu  of  the  cord,  and  only  differ  from  the  motor  or  ventral 
root  fibres  of  a  spinal  nerve  in  their  different  course  to  the  surface.  The  ganglia  in  association 
with  the  cranial  nerves  are  comparable  to  the  spinal  ganglia.  The  fifth  nerve,  with  the  Gasserian 
ganglion,  the  ganglion  of  the  facial,  the  ganglia  of  the  auditory,  of  the  glosso-pharyngeal  and  the 
vagus,  and  the  transitory  (Froriep's)  ganglion  of  the  hyjDoglossal  nerves,  arise  from  the  brain  in  a 
comparable  position,  and  in  the  same  way  as  the  sjDinal  ganglia.  But  another  series  of  structures 
— the  sense  organs  of  the  lateral  line,  and  the  so-called  "  e23ibranchial "  organs  which  are  highly 
developed  in  lower  vertebrates  {e.g.  elasmobranchs),  and  which  appear  transitorily  only,  or  are 
absent  altogether  in  mammalian  development,  may  possibly  have  a  share  in  the  formation  of 
certain  of  these  ganglia  or  parts  of  them  {e.g.  ciliary  ganglion,  geniculate  ganglion,  ganglia  of  the 
auditory  nerve,  petrosal  ganglion  of  the  glosso-pharyngeal,  and  the  ganglion  of  the  trunk  of  the 
vagus). 

Certain  of  the  cranial  nerves  are  apjjarently  distinctly  segmental,  supplying  muscles  derived 
from  the  persisting  myotomes  of  the  head.  The  first  three  myotomes  are  said  to  give  rise  to  the 
muscles  of  the  eyebaU.  The  first  produces  the  sujoerior  rectus,  inferior  rectus,  internal  rectus, 
and  inferior  oblique  muscles,  and  its  segmental  nerve  is  the  oculo-motor.  The  second  myotome 
is  said  to  produce  the  superior  oblique  muscle,  and  its  segmental  nerve  is  the  trochlear.  The 
third  myotome  is  said  to  produce  the  external  rectus  muscle,  and  its  segmental  nerve  is  the 
abducent.  It  has  been  asserted  that  the  tongue  muscles  are  derived  from  the  last  three  or  four 
cephalic  and  first  cervical  myotomes,  and  that  the  hypoglossal  nerve  is  the  segmental  nerve  for 
these  myotomes,  comprising  the  motor  elements  of  several  (four  or  five)  segmental  nerves.  The 
intervening  myotomes  between  the  first  three  and  this  occij)ital  series  disappearing,  the  corre- 
s]3onding  elements  of  segmental  nerves  are  supposed  to  be  absent  also  (Fig.  538). 

Certain  of  the  cranial  nerves  are  essentially  related  to  the  structures  derived  from  and  asso- 
ciated with  the  pre-oral  and  post-oral  visceral  clefts  and  arches  (Fig.  539).  The  trigeminal  nerve 
is  essentially  the  nerve  of  the  mandibular  arch.  By  its  efterent  root  it  supplies  the  muscles  of 
that  arch.  By  its  afferent  root  and  branches  it  is  related  to  (1)  the  fronto-nasal  process  (oph- 
thalmic division  and  ciliary  ganglion) ;  (2)  the  maxillary  arch  (superior  maxillary  nerve) ;  and 
(3)  the  mandibular  arch  (inferior  maxillary  nerve).  The  mandibular  is  at  first  the  main  nerve  ; 
and  the  maxillary  division  is  sometimes  regarded  as  a  subordinate  branch  (prse-branchial,  prse- 
trematic)  for  the  supply  of  the  anterior  margin  of  the  cleft  (mouth),  with  which  the  nerve  is  in 
relation.  The  ophthalmic  nerve  is  sometimes  regarded  as  a  morphologically  separate  nerve. 
The  nerves  to  these  arches  have  been  compared  to  the  anterior  primary  divisions  of  spinal 
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nerves,  the  branches  which  they  suf>ply  to  the  forehead  and  temple  (frontal,  orbital,  and 
anriculo-temporal)  representing  the  posterior  primary  divisions.  The  ganglia  on  each  division 
of  the  nerve  are  formed  as  extensions  from  the  Gasserian  ganglion. 

The  facial  nerve  is  essentially  the  nerve  of  the  second  (hyoid)  arch,  and  the  cleft  in  front  of 
that  arch  (spiracular  cleft.  Eustachian  tube).  Its  motor  root  supplies  the  muscles  of  that  arch 
(stapedius,  stylo-hyoid,  and  digastric),  and  the  epicranial  and  facial  muscles  and  platysma 
myoides,  which  are  developments  from  the  hyoid  arch  (Rabl).  The  chorda  tympani  nerve  is 
regarded  as  the  subordinate  (prse-branchial,  prse-trematic)  branch  to  supply  the  anterior  margin 
of  the  first  post-oral  cleft.  It  is  possible  that  the  geniculate  ganglion,  with  the  j)ars  intermedia 
and  the  chorda  tympani,  may,  in  part  at  least,  represent  the  ganglionic  and  afferent  element  of 

the  nerve.  Or  the 
geniculate  ganglion,  and 
the  nerves  in  relation 
to  it,  may  be  associated 
with  an  "  eiDibranchial  " 
sense-organ. 

The  auditory  nerve, 
on  the  other  hand,  may 
be  either  the  sensory 
element  of  the  branchial 
nerve,  associated  with  the 
hyoid  arch  and  first  post- 
oral  cleft,  or  it  may  repre- 
sent the  nerve  or  nerves 
belonging  to  ancestral 
sense  -  organs  of  the 
lateral  line. 

The  glosso  -  pharyn- 
geal is  the  branchial 
nerve  of  the  third  post- 
oral  {thy ro -hyoid)  arch 
and  the  cleft  in  front. 
Its  efterent  fibres  supply 
tlie  muscle  of  this  arch, 
— the  stylo-phaiyngeus. 
The  superior  constrictor 
of  the  pharynx  is  also 
assigned  to  this  arch  ; 
the  middle  and  inferior 
muscles  to  the  fourth  (first 
branchial)  arch.  The 
afi'erent  portion  of  the 
nerve  is  possibly  com- 
j)osed  of  two  separate 
parts  ;  the  petrous  gan- 
glion being  associated 
with  an  epibranchial  or 
lateral  line  sense-organ, 
and  the  rest  of  the  nerve 
forming  the  afferent 
fibres  for  the  gill -cleft 
and  arch.  The  lingual 
branches  are  regarded  as 
the  main  stem  (post  - 
trematic),  the  pharyngeal 

branches  as  subordinate  branches  ;  the  tympanic  branch  being  the-  prge-branchial  or  j)rse -trematic 
branch  for  the  anterior  margin  of  the  third  gill-cleft. 

The  pneumogastric  nerve  is  generally  regarded  as  representing  the  fusion  of  all  the  branchial 
nerves  behind  the  glosso-pliaryngeal.  Its  efferent  fibres  are  in  series  with  those  of  the  glosso- 
pharyngeal above  and  the  spinal  accessory  nerve  below,  and  belong  to  the  lateral  series  of  His. 
Its  afferent  fibres,  like  those  of  the  glosso-pharyngeal,  represent  two  elements.  The  lower 
ganglion  has  possible  connexions  with  epibranchial  sense-organs — the  rest  of  the  nerve  rejDre- 
senting  the  fused  branchial  branches  of  fishes.  The  superior  laryngeal  nerve  is  looked  upon 
as  the  branchial  nerve  of  the  fourth,  and  the  inferior  laryngeal  nerve  as  the  branchial  nerve 
of  the  fifth  arch.  While  the  relation  of  the  nerve  to  the  hinder  gill-arches  and  clefts  makes 
it  possible  to  understand  the  innervation  by  the  vagus  of  the  heart  and  lungs,  no  satisfactory 
explanation  is  forthcoming  of  the  passage  of  the  nerve  into  the  abdomen,  and  its  distribution  to 
the  stomach  and  other  organs  below  the  diaphragm. 

The  spinal  accessory  nerve  consists  of  two  parts.  The  accessory  iiortion  of  the  nerve 
consists  of  efferent  fibres  for  the  branchial  region,  in  series  with  the  lateral  motor  roots  of  the 
glosso-pharyngeal  and  vagus  nerves.  The  spinal  portion  of  the  nerve  is  also  comjDOsed  of  efferent 
fibres,  and  represents  the  only  lateral  motor  elements  arising  from  the  spinal  cord. 


Fig. 


A,  B, 


538. — Scheme  to  illustrate  the  Disposition  of  the  Myotomes  in 

THE  Embryo  in  Kelation  to  the  Head,  Trunk,  and  Limbs. 
C,  First  three  cephaUc  myotomes  ;  N,  1,  2,  3,  4,  Last  persisting  cephalic 
myotonies  ;  C,  T,  L,  S,  Co,  The  myotomes  of  the  cervical,  thoracic, 
lumbar,  sacral,  and  caudal  regions  ;  I.,  II.,  III.,  IV.,  V.,  VI.,  VII.,  VIII., 
IX.,  X.,  XL,  XII.,  refer  to  the  cranial  nerves,  and  the  structures  with 
which  they  may  be  embryologically  associated. 
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Olfactory  Nerve. — There  is  absolute  uncertainty  regarding  the  morphology  of  this  nerve. 
It  consists  of  three  elements  :  (1)  the  olfactory  bulb,  derived  from  the  cerebral  hemisjDhere, 
solid  in  man,  but  a  hollow  cerebral  diverticulum  in  certain  animals,  and  forming  the 
rhinencephalon ;  (2)  the  olfactory  ganglion,  with  its  central  and  peripheral  j^rocesses,  derived 
from  the  ectoderm  ;  (3)  the  nasal  pit.  Attention  has  been  specially  fixed  on  the  olftictory 
ganglion,  which  has  been  compared  to  (1)  a  dorsal  spinal  ganglion,  derived  from  the  anterior  end 
of  the  medullary  groove  ;  and  to  (2)  a  lateral  line  sense-organ. 

The  optic  nerve  also  j^resents  an  insoluble  j)roblem  in  regard  to  its  morphological  position 
in  the  series  of  cranial  nerves.  The  optic  stalk  and  optic  cup  have  been  regarded  as  a  highly- 
modified  dorsal  ganglion ;  but  there  is  insuperable  difficulty  in  accepting  this  view.  The 
peripheral  processes  do  not  become  connected  with  either  ectodermal  or  mesoblastic  structures, 
but  become  the  tissue  of  the  retina ;  while  the  central  processes,  growing  backwards,  envelop 
the  optic  stalk,  and  obtain  connexions  with  the  brain.  The  retina  must  be  regarded  as  a  highly- 
modified  layer,  morphologically  in  series  with  the  wall  of  the  fore-brain  ;  and  the  ectodermal 
structure  of  superficial  origin  comj^arable  to  the  olfactory  ganglion  or  the  auditory  vesicle  is  the 
lens  (which  may  possibly  be  homologous  with  a  lateral  line  sense-organ).  The  optic  nerve,  optic 
commissure,  and  oj)tic  tract  are  then  to 
be  looked  upon  as  cerebral  commissures, 
and  not  as  nerves  in  the  ordinary  sense. 

The  simplest  and  most  primitive  con- 
dition of  the  head,  in  relation  to  the 
mor23hology  of  the  cranial  nerves,  is  found 
before  the  formation  of  the  gill-clefts,  when 
the  salient  features  are  a  tubular  and  simjile 
brain,  and  a  series  of  superficial  invagina- 
tions which  pass  from  the  surface  inwards 
to  become  connected  with  outgrowths  cor- 
responding to  them  from  the  25i'iii^itive 
brain.  On  either  side  of  the  head  three 
hollow  invaginations  occur : — (1)  The  nasal 
pit  bearing  the  olfactory  epithelium  becomes 
connected  by  the  olfactory  ganglion  with  the 
rhinencephalon,  an  outgrowtlifrom  the  fore- 
brain,  and  so  forms  the  basis  of  an  olfactory 
organ  and  nerve  ;  (2)  a  similar  invagination 
produces  the  lens,  connected  with  a  pro- 
trusion of  the  optic  vesicle  from  the  fore- 
brain,  by  which  the  basis  of  the  eye  and 
the  optic  nerve  is  formed  ;  (3)  behind  the 
buccal  cavity  a  third  invagination  forms 
the  auditory  vesicle,  which  is  connected 
with  the  solid  extension  from  the  hind- 
brain  of  the  acoustic  ganglia,  to  form  the 
essentials  of  the  organ,  of  hearing  and 
auditory  nerve. 

The  trigeminal  nerve  is  essentially  the 
nerve  of  the  buccal  cavity  and  the  sub- 
ordinate cavities,  nasal  and  oral,  derived     Fig.  539.— Schkme  to  illustrate  the  Embryological 
from  it.    The  branchial  arches  and  clefts  Arrangement  of  the  Cranial  Nerves. 

are  secondary  structures,  and  their  nerves  I.  to  XII.  Cranial  Nerves  ;  Fr,  Froriep's  ganglion  ;  CI.,  Roots 
are  (1)  the  trigeminal  for  the  first  (mandi-  and  trunk  of  the  first  cervical  nerve, 

bular)  arch  and  the  cleft  in  front  of  it ; 

(2)  the  facial  for  the  second  (hyoid)  arch  and  cleft ;  (3)  the  glosso-pharyngeal  for  the  third 
(thyro-hyoid)  arch  and  cleft ;  and  (4)  the  pneumogastric  for  the  succeeding  arches  and  clefts. 
The  bulbar  joart  of  the  S23inal  accessory  nerve  is  inseparable  from  the  motor  portion  of  the  vago- 
glosso-pharyngeal  nerves  ;  the  spinal  part  is  beyond  the  series  of  the  cranial  nerves. 

Lastly,  there  are  certain  truly  segmental  nerve  elements,  motor  fibres  which,  remaining 
associated  with  certain  persistent  cephalic  myotomes,  give  rise  to  the  oculo-motor,  trochlear, 
abducent,  and  hyjDOglossal  nerves. 


THE  SYMPATHETIC  NERVOUS  SYSTEM. 

The  sympathetic  nervous  system  consists  of  a  pair  of  elongated  gangliated 
cords  (nervi  sympathici),  extending  from  the  base  of  the  skull  to  the  coccyx  ;  con- 
nected, on  the  one  hand,  by  a  series  of  branches  to  the  spinal  nervous  system,  and 
on  the  other  hand  giving  off  an  irregular  series  of  branches  to  the  viscera.  At  its 
cephalic  end  each  sympathetic  cord  is  continued  in  a  plexiform  manner  into  the 
cranial  cavity  along  with  the  internal  carotid  artery,  and  forms  complex  relation- 
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ships  with  certain  cranial  nerves.  At  their  caudal  ends  the  two  sympathetic 
cords  become  joined  together  by  fine  filaments,  and  are  connected  by  the  coccygeal 
ganglion  (g.  impar). 

The  sympathetic  system  (1)  serves  to  rearrange  and  distribute  fibres  derived 
from  the  cerebro-spinal  system  to  the  viscera  and  vessels  of  the  splanchnic  area ; 

(2)  it  transmits  to  the  cerebro-spinal  system  afferent  fibres  from  the  viscera;  and 

(3)  it  transmits  fibres  to  the  vessels,  involuntary  muscles,  and  glands,  in  the  course 
of  the  somatic  divisions  of  the  spinal  nerves. 

General  Structure  of  the  Sympathetic  System. — The  sympathetic  system  is 
composed  of  two  elements — ganglia  and  nerve  fibres. 

The  ganglia  (g.  trunci  synipathici)  are  variable  in  number,  form,  size,  and 

position.  They  are  not  definitely  segmental  in 
position,  but  they  are  always  connected  together 
by  a  system  of  narrow  commissural  cords  of  nerve 
fibres.  A  ganglion  consists  of  a  larger  or  smaller 
number  of  multipolar  nerve  cells,  enclosed  in  a 
capsule  of  connective  tissue.  Each  cell  is  pro- 
vided with  one  axon  and  a  number  of  dendrites. 
The  axon  may  enter  into  the  composition  of 
{a)  the  commissural  cord ;  {h)  a  central  branch 
(gray  ramus  communicans) ;  or  (c)  a  peripheral 
branch  from  the  sympathetic  cord.  These  axons 
are  commonly  medullated  at  their  origin,  but 
become  non-medullated  in  their  course  from  the 
parent  cell.  Besides  these  ganglia,  two  other 
series  of  ganglia  are  present  in  connexion  with 
the  peripheral  branches  of  the  sympathetic : 
intermediate  or  collateral  ganglia,  on  the  branches 
or  in  the  sympathetic  plexuses ;  and  terminal 
ganglia,  in  close  relation  to  the  endings  of  the 
nerves  in  the  viscera. 

The  nerve  fibres  in  the  sympathetic  system 
are  of  two  classes,  medullated  and  non-medul- 
lated. The  distinction  is  not  absolute.  The 
medullated  fibres  may  lose  tlieir  medullary 
sheaths  before  reaching  their  terminations ;  and 
the  non-medullated  fibres  may  at  their  origin 
possess  a  medullary  sheath.     The  medullated 

tween  the  spinal  nerve  and  a  sympathetic   ^^^^^  f^^^^  g^^,-  ^j^-^^ 

ganglion  (Sy).     The  splanchnic  efferent  .  •  ^  ^  ^         o  ^^         •      i  n 

cantes  (the  visceral  branches  oi  the  spinal  nerves). 
They  take  origin  from  the  anterior  primary 
divisions  of  certain  spinal  nerves  in  two  streams  ; 


SPL  ANCHNIC 
EFFERENT 


SPLANCHNIC 
AFFERENT 


Fig.  540.-  Scheme  of  the  Constitution  of 
THE  White  Ramus  Communicans  of  the 
Sympathetic. 

The  roots  and  trunks  of  a  spinal  nerve  are 
shown,  with  the  white  ramus  passing  be- 


fibres  (in  red)  are  shown,  partly  ending 
in  the  ganglion,  and  partly  passing  be- 
yond the  ganglion  into  a  peripheral  branch. 

The  splanchnic  afferent  fibres  (in  blue)  are  c  i      r>  i    i  • 

shown,  partly  entering  the  ganglion,  and  thoracico-lumbar  irom  the  first  or  sccoud  thoracic 
passing  upwards  or  downwards  in  the  to  the  sccoud  or  third  lumbar  ucrve,  and  pelvic, 

gangliated  cord  ;  partly  passing  over  the        g^^^^j  f^,^^^  ^j^^  g^^^^^^  ^^j^,^        ^j^-^,^  ^^^^1 

cord  into  peripheral  branches.  pit  mi  p  i 

lourth  sacral  nerves.  The  roots  oi  these  nerves 
arise  from  both  dorsal  and  ventral  roots  of  the  spinal  nerves,  but  in  largest  numbers 
from  the  ventral  root.  The  fihresfrom  the  ventral  root  are  of  very  small  size.  They 
are  the  axons  of  nerve  cells  within  the  spinal  cord,  which  enter  the  sympathetic  cord 
through  the  white  ramus,  and  end  by  forming  arborisations  around  the  cells  of  a  sym- 
pathetic ganglion.  There  are  three  known  courses  for  such  a  fibre  to  take  in  relation 
to  the  sympathetic  system — (a)  It  may  end  in  the  ganglion  with  which  it  is  im- 
mediately related  ;  -(Jj)  it  may  course  upwards  or  downwards  in  the  commissural  cord 
to  reach  a  neighbouring  ganglion  ;  (c)  it  may  pass  beyond  the  gangliated  cord  to  end 
in  relation  to  cells  of  the  peripheral  (collateral)  ganglia  along  with  fibres  of  distribu- 
tion from  the  sympathetic  ganglia.  These  fibres  are  splanchnic  efferent  fibres ;  motor 
for  the  unstriped  muscular  tissue  of  the  vessels  and  viscera,  and  secretory  for  the 
glands  in  the  splanchnic  area.  The  fihres  from  the  dorsal  root  of  tlie  spinal  nerve 
entering  into  the  composition  of  the  white  ramus  communicans  are  the  axons  of  spinal 
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ganglion  cells.  They  constitute  the  splanchnic  afferent  fibres,  and  probably  traverse 
the  sympathetic  gangliated  cord,  passing  upwards,  downwards,  and  outwards,  without 
being  connected  with  its  cells.  They  are  the  sensory  fibres  for  the  viscera,  which 
they  reach  along  with  the  peripheral  branches  arising  from  the  sympathetic 
cord  itself.  It  is  not  certain  that  fibres  from  the  dorsal  ganglia  are  only  found  in 
connexion  with  nerves  provided  with  distinct  white  rami.  Similar  medullated 
fibres  are  found  also  in  the  gray  rami  communicantes. 

The  non-medullated  fibres  in  the  sympathetic  system  are  derived  from  the  axons 
of  the  sympathetic  ganglion  cells.  They  have  ditferent  destinations,  {ct)  Some 
fibres  appear  to  contribute  to  the  formation  of  the  commissural  cord  connecting 
the  ganglia  together, 
and  to  end  in  arborisa- 
tions round  the  cells 
of  a  neighbouring 
ganglion.  (5)  Non- 
medullated  fibres 
form  a  large  part  of 
the  system  of  jfjeW- 
jpheral  (sj)la7ichnic 
eff^erent)  branches, 
streaming  into  the 
splanchnic  area  in  an 
irregular  manner, 


both  from  the  ganglia 


GANGLIOM  Cm.LS 
D  AXONS 


connecting 


and  the 

commissures,  (c)  The 
gray  rami  communi- 
cantes form  a  series 
of  non  -  medullated 
fibres  (with  a  small 
number  of  medullated 
fibres  intermingled) 
proceeding  centrally 
fro7n  the gangliatothe 
spinal  nerves.  These 
gray  rami  are  found 
in  connexion  with 
each  and  all  of  the 
spinal  nerves.  Their 
origin  from  the  gan- 
gliated cord  is  ir- 
regular :  they  may 
come  from  the  gan- 
glia or  the  commis- 
sure; they  may  divide 
after  their  origin,  so 
that  two  spinal  nerves 
are  supplied  from  one 
ganglion  ;  or  two 
ganglia  may  supply 
branches  to  a  single 
spinal  nerve.  The 
gray  ramus  is  distri- 
buted along  the  somatic  divisions  of  the  spinal  nerves,  supplying  branches  to 
unstriped  muscular  fibres  (vaso-motor,  pilo-motor)  and  glands  (secretory).  They 
also  provide  small  recurrent  branches,  ending  in  the  membranes  enveloping  the 
spinal  nerve-roots.  Mingled  with  the  non-medullated  fibres  of  the  gray  rami 
are  found  a  small  number  of  medullated  fibres,  regarded  as  medullated  sympathetic 
fibres,  and  axons  from  the  dorsal  spinal  ganglia  incorporated  with  this  ramus. 
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Fig.  541 


-Scheme  op  the  Constitution  and  Connexions  of  the 
Gangliated  Cord  of  the  Sympathetic. 


The  gangliated  cord  is  indicated  on  the  right,  with  the  arrangement  of  the  fibres 
arising  from  the  ganglion  cells.  On  the  left  the  roots  and  trunks  of 
spinal  nerves  are  shown,  with  the  arrangement  of  the  white  ramus  com- 
municans  above  and  of  the  gray  ramus  below. 
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The  commissural  cords  of  the  sympathetic  system  are  composed  of  white  and 
gray  fibres.  The  'white  fibres  are :  (1)  splanchnic  efferent  fibres,  passing  to  a 
ganglion  above  or  below  the  point  of  entrance  into  the  sympathetic  system ;  (2) 
splanchnic  afferent  fibres,  guided  along  the  commissure  and  over  or  through  the 
ganglia.  The  gray  fihres  are  the  axons  of  sympathetic  ganglion  cells :  (1)  true 
commissural  fibres  passing  into  connexion  with  the  cells  of  a  neighbouring 
ganglion ;  (2)  fibres  passing  along  the  commissure  for  a  certain  distance  upwards 
or  downwards  before  entering  the  splanchnic  area  as  peripheral  branches. 

The  peripheral  (splanchnic)  branches  from  the  sympathetic  cord  consist  of — 

(1)  white  fibres — splanchnic  afferent  fibres  unconnected  with  cells,  and  splanchnic 
efferent  fibres  which,  after  passing  over  the  gangliated  cord,  are  on  their  way  to 
join  peripheral  (collateral)  or  terminal  ganglia  in  relation  to  the  viscera  ;  and  of 

(2)  gray  fibres,  splanchnic  efferent  branches,  the  axons  of  sympathetic  ganglion 
cells  distributed  to  the  vessels  and  viscera  in  the  splanchnic  area. 

THE  CEKYICAL  PAET  OF  THE  SYMPATHETIC  COED. 

The  cervical  part  of  the  sympathetic  cord  may  be  regarded  as  an  upward 
prolongation  of  the  primitive  sympathetic  system  along  the  great  vessels  of  the 
neck.  It  is  characterised  by  the  absence  of  white  rami  communicantes  connecting 
it  with  the  cervical  spinal  nerves.  Its  spinal  fibres  ascend  in  the  commissural 
cord  from  the  upper  thoracic  nerves  to  be  connected  with  the  cells  of  the 
cervical  ganglia.  The  branches  from  the  ganglia  in  the  neck  are  distributed  to 
structures  in  the  head,  neck,  and  thorax:  (1)  motor  fibres  to  involuntary  muscles 
{e.g.  dilator  of  the  pupil) ;  (2)  vaso-motor  fibres  along  the  arteries  of  the  head  and 
neck  and  upper  limbs ;  (3)  pilo-motor  fibres  along  the  cervical  spinal  nerves  to  the 
skin  of  the  head  and  neck ;  (4)  cardio-motor  fibres ;  (5)  and  secretory  fibres  (for 
the  submaxillary  gland). 

The  gangliated  cord  in  the  neck  is  placed  upon  the  prevertebral  muscles  and 
behind  the  carotid  vessels.  It  extends  from  the  root  of  the  neck,  where  it  is  con- 
tinuous behind  the  subclavian  artery  with  the  thoracic  portion  of  the  cord,  to  the 
base  of  the  skull,  where  it  ends  in  the  formation  of  plexiform  branches  upon  the 
internal  carotid  artery.  It  consists  of  a  narrow  commissural  cord  composed  of 
medullated  and  non-medullated  fibres,  on  which  are  two  or  three  ganglia — a 
superior  ganglion  at  the  upper  end,  an  inferior  ganglion  at  the  point  of  junction 
with  the  thoracic  portion  of  the  cord,  and  an  intermediate  middle  ganglion  varying 
in  position  and  often  absent. 

The  superior  cervical  ganglion  (g.  cervicale  superius)  situated  at  the  base  of  the 
skull,  lies  between  the  internal  jugular  vein  and  the  internal  carotid  artery.  It  is 
the  largest  of  the  sympathetic  ganglia,  measuring  an  inch  or  more  in  length.  The 
commissural  cord  connects  it  with  the  middle  ganglion  (g.  cervicale  medium),  which  is 
of  small  size,  is  frequently  absent,  and  may  be  divided  into  two  parts.  It  is  usually 
placed  over  the  inferior  thyroid  artery  as  it  passes  behind  the  carotid  sheath. 

The  inferior  ganglion  (g.  cervicale  inferius)  is  joined  by  the  commissural  cord  to 
the  middle  (or  superior)  ganglion  above,  and  is  only  imperfectly  separated  from  the 
first  thoracic  ganglion  below.  It  is  of  considerable  size,  irregular  in  shape,  and  is 
placed  behind  the  first  part  of  the  subclavian  artery  in  the  interval  between  the 
last  cervical  transverse  process  and  the  neck  of  the  first  rib. 

The  branches  from  the  cervical  sympathetic  ganglia  and  cord  are  divisible  into 
two  sets — {A)  Central  communicating  branches  for  other  nerves  ;  {B)  peripheral 
branches  of  distribution,  which  alone,  or  along  with  other  nerves,  form  plexuses, 
accompanying  and  supplying  vessels  and  viscera  of  the  head,  neck,  and  thorax. 
Although  this  distinction  is  made,  it  is  to  be  borne  in  mind  that  the  branches  of 
communication  are  as  much  nerves  of  distribution  as  the  others. 

Superior  Cervical  Ganglion. 

Central  Communicating  Branches. — 1.  Gray  rami  communicantes  pass  from 
the  ganglion  to  the  anterior  primary  divisions  of  the  first  four  cervical  nerves. 

2.  Communications  with  Cranial  Nerves. — Just  outside  the  skull,  in  the  deep 


SUPEEIOR  CERVICAL  GAI^GLION. 
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part  of  the  neck,  commimicating  branches  pass  to  the  following  cranial  nerves :  (a) 
to  the  petrous  ganglion  of  the  glosso-pharyngeal  and  the  ganglion  of  the  root  of 
the  pneumogastric  (n.  jugularis) ;  (h)  to  the  ganglion  of  the  trunk  of  the  pneumo- 
gastric ;  (c)  to  the  hypoglossal  nerve. 

Peripheral  Branches  of  Distribution. — 1.  Pharynx. — A  pharyngeal  branch 
courses  downwards  and  inwards  behind  the  carotid  sheath  to  reach  the  wall  of  the 
pharynx,  where  it  joins  (along  with  the 
pharyngeal  branches  of  the  glosso-pharyngeal 
and  pneumogastric  nerves)  in  the  formation 
,of  the  pharyngeal  plexus,  and  assists  in  supply- 
ing: the  muscles  and  mucous  membrane  of  the 
pharynx. 

2.  Heart.— The  superior  cervical  cardiac 

branch  is  a  slender  nerve  which,  on  the  right 
side,  descends  behind  the  large  vessels  into 
the  thorax  to  join  the  deep  cardiac  plexus. 
On  the  left  side  the  course  of  the  nerve  is 
similar  in  the  neck,  but  in  the  superior 
mediastinum  it  passes  between  the  left 
carotid  and  subclavian  arteries,  and  over  the 
aortic  arch,  to  join  with  the  inferior  cervical 
cardiac  branch  of  the  pneumogastric  in  the 
formation  of  the  superficial  cardiac  plexus. 
In  their  course  both  nerves  form  connexions 
with  the  other  cervical  cardiac  nerves  of  the 
sympathetic,  and  with  cardiac  and  other 
branches  of  the  pneumogastric  (external  and 
.  inferior  laryngeal). 

3.  Vessels.  —  (a)  The  external  carotid 
branch  passes  forwards  to  the  external  carotid 
artery,  and  forms  the  external  carotid  plexus, 
which  supplies  offsets  to  that  artery  and  its 
branches,  as  well  as  to  the  inter-carotid  body. 
From  the  subordinate  plexuses  on  the  facial 
and  middle  meningeal  arteries  sympathetic 
fibres  are  supplied  to  the  submaxillary  and 
otic  ganglia  respectively. 

{h)  The  internal  carotid  branches  form  an 
upward  prolongation  of  the  ganglion,  which 
applies  itself  in  the  form  of  bundles  of  nerve- 
fibres  to  the  internal  carotid  artery  as  it 
enters  the  carotid  canal  in  the  temporal  bone. 
The  branches  separate  into  outer  and  inner 
parts,  which  form  plexuses  investing  the 
artery  in  the  cranium.  The  outer  division 
forms  the  lower  or  carotid  plexus  (pi.  caroticus 
internus) ;  the  inner  division  gives  rise  to 
the  upper  or  cavernous  plexus  (pi.  cavernosus). 
Both  plexuses  supply  offsets  to  the  artery  and 
its  branches,  and  form  communications  with 
certain  cranial  nerves. 

The  carotid  plexus  communicates  by  fine  branches  with  {a)  the  abducent  nerve, 
and  (&)  the  G-asserian  ganglion,  and  gives  off  (c)  the  great  deep  petrosal  and  {d) 
the  small  deep  petrosal  nerves.  The  great  deep  petrosal  nerve  joins  the  great 
superficial  petrosal  nerve  from  the  geniculate  ganglion  of  the  facial,  over  the 
foramen  lacerum  medium.  By  their  union  the  Vidian  nerve  is  formed,  which, 
after  traversing  the  Vidian  canal,  ends  in  Meckel's  ganglion.  The  small  deep 
petrosal  nerve  passes  to  the  tympanic  plexus.  This  plexus,  formed  by  the  small 
deep  petrosal  nerve,  the  tympanic  branch  of  the  glosso-pharyngeal,  and  a  twig 


Fig.  542. — The  Distribution  of  the  Sympa- 
thetic GrANGLIATED  CORD  IN  THE  NeCK. 

Sy.l,  Superior  cervical  ganglion,  and  connexions 
and  branches  ;  I.C,  Internal  carotid  artery  ; 
G.Ph,  Glosso-pharyngeal  ;  Va,  Vagus  ;  Hy, 
Hypoglossal  ;  C.l,  2,  3,  4,  First  four  cervical 
nerves ;  Plex,  Pharyngeal  plexus  ;  G.  Ph, 
Glosso-pharyngeal  nerve  ;  E.C,  To  external 
carotid  artery  ;  Sy.2,  Middle  cervical  gang- 
lion, connexions,  and  branches  ;  C.5,  6,  Fifth 
and  sixth  cervical  nerves  ;  I. Thy,  Inferior 
thyroid  artery  ;  A.  V,  Ansa  Vieussenii ;  Sy.3, 
Inferior  cervical  ganglion,  connexions,  and 
branches;  C.7,  8,  Seventh  and  eighth  cer- 
vical nerves  ;  Vert,  Vertebral  plexus  ;  Car, 
Cardiac  branches. 
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from  the  geniculate  ganglion  of  the  facial  nerve,  is  placed  on  the  inner  wall  of  the 
tympanum.  It  supplies  the  mucous  lining  of  the  tympanum  and  Eustachian 
tube ;  and  the  small  superficial  petrosal  nerve  passes  from  it  to  the  otic  ganglion. 

The  cavernous  plexus  communicates  with  (a)  the 
oculo- motor,  and  (l)  the  trochlear  nerves,  and  (c) 
the  ophthalmic  division  of  the  trigeminal  nerve ;  it 
also  (d)  supplies  twigs  to  the  pituitary  body,  and  (e) 
forms  the  sympathetic  root  of  the  ciliary  ganglion. 
This  may  pass  to  the  gaDglion  independently,  or  it 
may  be  incorporated  in  the  long  root  of  the  ganglion^ 
from  the  nasal  branch  of  the  ophthalmic  nerve. 

Middle  Cervical  Ganglion. 

Central  Communicating  Branches. — 1.  Gray 

rami  communicantes  arise  from  the  ganglion  or  from 
the  cord  for  the  anterior  primary  divisions  of  the 
fifth  and  sixth  cervical  nerves.  2.  The  subclavian 
^  loop  (ansa  Vieussenii)  is  a  loop  of  communication  from 
this  ganglion,  which,  after  passing  over  and  supplying 
offsets  to  the  subclavian  artery  and  its  branches,  joins 
the  inferior  cervical  c^anf^lion. 

Peripheral  Branches  of  Distribution.— 1..  Heart. 
— A  slender  middle  cervical  cardiac  branch  descends, 
either  separately  or  in  company  with  other  cardiac 
nerves,  behind  the  large  vessels  into  the  thorax, 
where  it  ends  in  the  deep  part  of  the  cardiac  plexus 
on  each  side. 

2.  Thyroid  Body.  —  Branches  extend  inwards 
along  the  inferior  thyroid  artery  to  supply  the  thyroid 
body. 

When  the  middle  ganglion  is  absent  the  branches 

o  O 

described  arise  from  the  commissural  cord. 


Inferior  Cervical  Ganglion. 

Central  Communicating  Branches. —1.  Gray 

rami  communicantes  arise  from  this  ganglion  for  the 
anterior  primary  divisions  of  the  seventh  and  eighth 
cervical  nerves.  2.  The  subclavian  loop  already 
mentioned  connects  the  middle  and  inferior  ganglia 
over  the  front  of  the  subclavian  artery.  3.  A  com- 
munication frequently  occurs  with  the  inferior 
laryngeal  nerve. 

Peripheral  Branches  of  Distribution. — 1.  Heart. 
— An  inferior  cervical  cardiac  branch  is  given  off  on 


Fig. 


543. — The  Constitution 
THE  Cardiac  Plexuses, 


Sy,  Cervical  sympathetic  cord  ;  C.l, 
Superior,  C.2,  Middle,  and  C.3,  In- 
ferior cervical  ganglia  ;  Car.  1, 
Superior,  Car. 2,  Middle,  and  Car.3, 
Inferior  cervical  cardiac  sympa- 
thetic branches ;  Va,  Pneumogastric 
nerve  ;  R.L,  Recurrent  laryngeal 
nerve  ;  s,  Superior,  and  i,  Inferior 
cervical  cardiac  branches  of  vagus  ; 

D.  C.P,  Deep  cardiac  plexus  ;  S.C.P, 
Superficial  cardiac  plexus  ;  A.  P.  P, 
Anterior  pulmonary  plexus  ;  P.P.P, 
Posterior       jjulmonary      plexus  ; 

E.  Car.P,  Right,  and  L.Car.P,  Left 
coronary  plexuses  ;  Art.Pul,  Pul- 
monary artery. 


each  side  to  enter  the  deep  cardiac  plexus. 

2.  Vessels. — («)  The  vertebral  plexus  is  a  dense 
jjlexus  of  fibres  surrounding  the  vertebral  artery  and 
accompanying  its  branches  in  the  neck  and  the 
cranial  cavity,  (h)  The  subclavian  plexus  is  derived 
from  the  subclavian  loop,  and  supplies  small  offsets  to 
the  subclavian  artery.  It  gives  branches  to  the 
internal  mammary  artery,  and  communicates  with  the  phrenic  nerve. 


THE  THORACIC  PART  OF  THE  SYMPATHETIC  CORD. 

The  thoracic  part  of  the  sympathetic  cord  consists  of  a  variable  number  of 
ganglia  of  an  irregularly  angular  or  fusiform  shape,  joined  together  by  commissural 
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cords  of  considerable  thickness.  The  number 
of  ganglia  is  usually  ten  or  eleven  ;  but  the  first 
and  sometimes  others  may  be  so  fused  with  the 
neighbouring  ganglia  as  to  still  further  reduce 
the  number.  This  part  of  the  sympathetic  cord 
is  characterised  by  its  union  with  the  thoracic 
spinal  nerves.  Each  thoracic  nerve,  with  the 
possible  exception  of  the  first,  sends  a  visceral 
branch  (white  ramus  communicans)  to  join  the 
gangliated  cord  in  the  thorax.  These  white 
rami  separate  into  two  main  streams  in  relation 
to  the  sympathetic  cord.  Those  of  the  upper 
five  nerves  are  for  the  most  part  directed 
upwards  to  be  distributed  through  the  cervical 
part  of  the  sympathetic  gangliated  cord  in 
the  manner  already  described.  The  white  rami 
of  the  loiver  thoracic  nerves  are  for  the  most 
part  directed  downwards  in  the  lower  part  of 
the  sympathetic  cord  and  its  branches,  to  be 
distributed  in  the  abdomen ;  at  the  same  time 
some  of  their  fibres  are  directly  associated  with 
the  supply  of  certain  thoracic  viscera. — lungs, 
aorta,  oesophagus. 

These  white  rami  are  composed  of  (1) 
splanchnic  afferent  fibres  passing  from  its  peri- 
pheral branches  through  the  sympathetic  cord 
into  the  dorsal  ganglia  of  the  spinal  nerves — 
medullated  nerve-fibres  unconnected  with  sym- 
pathetic ganglion  cells;  and  (2)  somatic  and 
splanchnic  efferent  fibres,  small  medullated 
nerves  which,  after  a  longer  or  shorter  course 
in  the  gangliated  cord  or  its  peripheral 
branches,  become  connected  with  the  sym- 
pathetic ganglion  cells,  or  with  the  cells  of 
peripheral  (collateral  or  terminal)  ganglia,  from 
which  again  (non-meduUated)  axons  proceed  to 
supply  branches  to  viscera  and  vessels.  The 
ultimate  destination  of  the  upper  stream  of 
white  rami  from  the  thoracic  nerves  has  been 
mentioned  in  the  description  of  the  cervical 
sympathetic ;  the  peripheral  branches  supply- 
ing thoracic  organs  contain  vaso-motor  fibres 
for  the  lungs  and  aorta.  The  peripheral  branches 
from  the  lower  part  of  the  sympathetic  cord 
in  the  thorax,  receiving  white  rami  from  the 
lower  thoracic  nerves,  are  mainly  destined  for 
distribution  to  structures  below  the  diaphragm. 
They  comprise  {a)  viscero-inhibitory  fibres  for 
the  stomach  and  intestines  ;  (h)  motor  fibres  for  ^^^^  ^^^^ arpLgemen't' ' of  the 
part  ol  the  rectum  ;  (c)  pilo-motor  fibres  for  the  Sympathetic  System  in  the  Thorax, 
lower  part  of  the  body;  (d)  vaso-motor  fibres  Abdomen,  and  Pelvis. 
for  the  abdominal  aorta  and  its  branches,  and  T.i-12;  L.i-5  ;  s.i-5 ;  Co,  Anterior  primary 

divisions  of  spinal  nerves,  connected  to  tlie 
gangliated  cord  of  the  sympathetic  by 
rami  communicantes,  white  (double  lines)  and  gniy  (single  lines)  ;  Oes,  CEsophagus  and  oesophageal 
plexus  ;  Ao,  Aorta  and  aorta  plexus  ;  Va.  Vagus  nerve  joining  oesophageal  plexus  ;  S.l,  Great  splanchnic 
nerve  ;  X,  Great  splanchnic  ganglion  ;  S.2,  Small  splanchnic  nerve  ;  S.3,  Least  splanchnic  nerve  ;  Co, 
Coronary  artery  and  plexus  ;  Spl,  Splenic  artery  and  plexus  ;  H.  Hepatic  artery  and  plexus  ;  SL,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.R,  Suprarenal  capsule  ;  Re,  Renal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  artery  and  plexus  ;  Sp,  Spermatic  artery  and  plexus  ;  I.M,  Inferior  mesenteric  artery  and 
plexus  ;  Hy,  Hypogastric  nerves  and  plexus  ;  Rec,  Rectal  plexus  ;  Ut,  Uterine  plexus  ;  Ves,  Vesical 
plexus  ;  Y.  V.V,  Visceral  branches  from  sacral  nerves. 

49  a 
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for  the  lower  limbs ;  (e)  secretory,  and  (/)  sensory  fibres  for  the  abdominal  viscera. 
The  thoracic  part  of  the  sympathetic  cord  is  placed  upon  the  heads  of  the  ribs, 
and  is  covered  over  by  the  pleura. 

The  branches  from  the  gangliated  cord  are,  as  in  the  neck,  divisible  into  two 
sets — (A)  Central  branches,  communicating  with  other  nerves,  and  (B)  peripheral 
branches,  distributed  in  a  plexiform  manner  to  the  thoracic  and  abdominal  viscera. 

Central  Communicating  Branches. — The  white  rami  communicantes  from 
the  thoracic  nerves  have  already  been  described.  Passing  forwards  from  the 
beginning  of  the  anterior  primary  divisions  of  the  nerves,  they  become  connected 
with  the  ganglia  or  the  commissural  cord  of  the  sympathetic. 

The  gray  rami  communicantes  are  branches  arising  irregularly  from  each  thoracic 
ganglion,  which,  passing  backwards  along  with  the  white  rami,  join  the  anterior 
primary  divisions  of  the  thoracic  nerves. 

Peripheral  Branches  of  Distribution. — These  branches  arise  irregularly 
from  the  ganglia  and  the  commissural  cord.  They  are  composed  of  non-meduUated 
fibres  (splanchnic  efferent)  derived  from  the  ganglion  cells,  and  medullated  fibres 
(splanchnic  etterent  and  afferent)  derived  directly  from  the  white  rami,  without 
the  intervention  of  the  cells  of  the  ganglia. 

1.  Pulmonary  Branches. — From  the  gangliated  cord  opposite  the  second,  third, 
and  fourth  ganglia  fine  filaments  arise  which  join  the  posterior  pulmonary  plexus. 

2.  Aortic  Branches. — The  upper  part  of  the  thoracic  aorta  receives  fine  branches 
from  the  upper  five  thoracic  ganglia. 

3.  Splanchnic  Nerves. — Three  nerves  arise  from  the  lower  part  of  the 
gangliated  cord,  partly  from  the  ganglia  themselves,  and  partly  from  the  com- 
missural cord  between  the  ganglia.  Passing  downwards  over  the  bodies  of  the 
thoracic  vertebrae  they  pierce  the  diaphragm,  to  end  in  the  abdomen. 

(ft)  The  great  splanchnic  nerve  (n.  splanchnicus  major)  arises  from  the 
gangliated  cord  between  the  fifth  and  ninth  ganglia.  By  the  union  of  several 
irregular  strands  a  nerve  of  considerable  size  is  formed,  which  descends  in  the 
posterior  mediastinum,  and  piercing  the  crus  of  the  diaphragm,  joins  at  once  the 
upper  end  of  the  semilunar  ganglion  of  the  solar  plexus.  In  its  course  in  the 
thorax  the  great  splanchnic  ganglion  (g.  splanchnicum)  is  formed  upon  the  nerve. 
It  is  more  prominent  in  the  foetus  than  in  the  adult.  From  both  nerve  and  ganglion 
branches  arise  in  the  thorax  for  the  supply  of  the  oesophagus  and  descending 
thoracic  aorta  (Fig.  544). 

(h)  The  small  splanchnic  nerve  (n.  splanchnicus  minor)  arises  from  the  gangliated 
cord  opposite  to  the  ninth  and  tenth  ganglia.  It  passes  over  the  bodies  of  the 
lower  thoracic  vertebrae,  pierces  the  diaphragm  near  or  along  with  the  great 
splanchnic  nerve,  and  ends  in  the  solar  plexus  {^aortico -renal  ganglion). 

(c)  The  least  splanchnic  nerve  (n.  splanchnicus  imus)  arises  i^rom  the  last 
thoracic  ganglion  of  the  sympathetic,  or  it  may  be  a  branch  of  the  smaller 
splanchnic  nerve.    It  pierces  the  diaphragm,  and  ends  in  the  renal  plexus. 


THE  LUMBAE  PAKT  OF  THE  SYMPATHETIC  COED. 

The  lumbar  part  of  the  sympathetic  cord  is  placed  upon  the  bodies  of  the 
lumbar  vertebras,  internal  to  the  origins  of  the  psoas  muscle,  and  in  front 
of  the  lumbar  vessels.  It  is  connected  with  the  thoracic  portion  of  the  cord  by  an 
attenuated  commissural  cord,  which  either  pierces  or  passes  behind  the  diaphragm. 
It  is  continuous  below  with  the  sacral  portion  of  the  cord  by  a  commissure,  which 
passes  behind  the  common  iliac  artery.  It  is  joined  by  medullated  fibres  (white 
rami  communicantes)  from  the  first  two  lumbar  spinal  nerves,  and  it  contains  as 
well  medullated  fibres  continued  down  from  tlie  lower  part  of  the  thoracic 
gangliated  cord,  and  derived  from  the  visceral  branches  (white  rami  com- 
municantes) of  the  lower  thoracic  nerves.  This  part  of  the  gangliated  cord  is 
characterised  by  great  irregularity  in  the  number  of  the  ganglia.  They  are  usually 
four  in  number,  but  there  are  frequently  more  (up  to  eight) ;  and  in  extreme 
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cases  fusion  may  occur  to  such  an  extent  that  the  separation  of  individual  ganglia 
becomes  impossible. 

White  rami  communicantes. — The  first  two  (or  three)  lumbar  spinal  nerves 
possess  visceral  branches  which  form 
white  rami  communicantes  joining 
the  upper  lumbar  ganglia  or  the 
gangliated  cord.  These  nerves 
form  the  lower  limit  of  the  thoracic- 
lumbar  visceral  branches  of  the 
spinal  nerves.  They  comprise  vaso- 
motor fibres  (for  the  genital  organs), 
and  motor  fibres  for  the  bladder  and 
uterus. 

Central  Communicating 
Branches.  —  Gray  rami  communi- 
cantes pass  from  the  gangliated  cord 
to  the  anterior  primary  divisions 
of  the  lumbar  nerves  in  an  ir- 
regular manner.  One  ramus  may 
divide  so  as  to  supply  branches  to 
two  adjacent  spinal  nerves ;  or  a 
spinal  nerve  may  be  joined  by  two 
to  five  separate  gray  rami  from  the 
gangliated  cord. 

The  rami  course  beneath  the 
origin  of  the  psoas  magnus  muscle 
and  over  the  bodies  of  the  vertebrse. 
Gray  rami  sometimes  pierce  the 
fibres  of  the  psoas  muscle. 

Peripheral  Branches  of  Dis- 
tribution.— From  the  lumbar  gan- 
gliated cord  numbers  of  small 
branches  arise  irregularly,  and 
pass  inwards  to  supply  the  ab- 
dominal aorta,  reinforcing  the 
aortic  plexus  (from  the  solar  Fig.  545.— The  Lumbar  Portion  of  the  Sympathetic 
plexus).  Gangliated  Cord  and  Lumbar  Plexus.  (From  a  dissection.) 

T.ll,  T.12,  L.l,  L.2,  L.3,  L.4,  L.5,  Anterior  primary  divisions 
of  spinal  nerves,  with  white  and  gray  rami  communicantes. 

THE  SACRAL  PAE-T  OF  THE  '  ^^s^^^^®^^®' 

A  -^rr^T  t  a  rnT-n^   r^r\^-r^  splanchnic  nerve,  joining  semilunar  ganglion  ;  S.R.C,  Supra- 

(jrAJNb-LLAiEU  OOKJJ.  renal  capsule  and  plexus  ;  R. PI,   Renal  plexus  ;  Ao.Pl, 

Aortic  plexus;  S. M,  Superior  mesenteric  plexus;  I.M, 

The    sacral    part    of    the    gan-  inferior  mesenteric  plexus  ;  Hy.  Pi  Hypog^^^^^^^ 

T        ^   Ti      ^-1  *     1        ;i  Nerves  to  quadratus  lumborum  ;  I.H,  Tlio-hypogastric 

gliated  cord,  like  tne  cervical  and  nerve  ;  I.I,  Ilio-inguinal  nerve  ;  G.C,  Genito-crural  nerve  ; 

lower     lumbar     portions     of    this  E.C,  External  cutaneous  nerve  ;  A. C,  Anterior  crural  nerve  ; 

system     receives    no    white    rami  Acc.  Obt,  Accessory  obturator  nerve  ;  Obt,  Obturator  nerve 

'  .       ,         p  ,  T  !     ,  4,  5,  Lumbo-sacral  cord. 

communicantes    Irom   the  spmal 

nerves.  The  visceral  branches  {pelvic  splanchnic)  of  the  third,  and  usually,  also 
the  second  or  fourth  sacral  nerves,  enter  the  pelvic  plexus  without  being  directly 
connected  with  the  gangliated  cord.  These  nerves,  however,  are  to  be  regarded  as 
homologous  with  the  white  rami  communicantes  of  the  thoracico-lumbar  nerves 
{aldominal  splanchnic).  They  convey  to  the  pelvic  viscera — (1)  motor  and 
inhibitory  fibres  for  rectum,  uterus,  and  bladder,  (2)  vaso-dilator  fibres  for  the 
genitals,  and  (3)  secretory  fibres  for  the  prostate  gland. 

This  portion  of  the  cord  is  placed  in  front  of  the  sacrum,  internal  to  the  anterior 
sacral  foramina.  It  is  connected  above  by  a  commissural  cord  with  the  lumbar 
portion  of  the  sympathetic,  and  below  it  ends  in  a  plexiform  union  over  the  coccyx 
with  the  cord  of  tlie  other  side,  the  two  being  frequently  connected  by  the 
ganglion  impar  or  coccygeal  ganglion.    The  number  of  ganglia  is  variable ;  there  are 
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commonly  four.  They  are  of  small  size,  gradually  diminishing  from  above  down- 
wards. 

Central  communicating  branches  arise  irregularly  in  the  form  of  gray  rami 
communicantes  from  the  sacral  ganglia,  and  join  the  anterior  primary  divisions  of 
the  sacral  and  coccygeal  nerves. 

Peripheral  Branches  of  Distribution. — (1)  Visceral  branches  of  small  size  arise 
from  the  upper  part  of  the  gangliated  cord,  and  pass  inwards  to  join  the  pelvic 
plexus  (see  below). 

(2)  Parietal  branches,  also  of  small  size,  ramify  over  the  front  of  the  sacrum,  and 
form,  in  relation  to  the  middle  sacral  artery,  a  plexiform  union  with  branches  from 
the  gangliated  cord  of  the  other  side. 

SYMPATHETIC  PLEXUSES. 

It  has  already  been  seen  that  the  peripheral  branches  of  the  sympathetic 
gangliated  cord  throughout  its  length  are  characterised  by  forming  or  joining 
plexuses  in  their  neighbourhood. 

The  cervical  sympathetic  ganglia  and  nerves  give  rise  to  the  carotid  and 
cavernous  plexuses ;  the  external  carotid,  pharyngeal,  thyroid,  vertebral,  and 
subclavian  plexuses ;  and  they  send  important  branches  to  the  cardiac  plexuses 
(described  along  with  the  pneumogastric  nerve). 

The  thoracic  ganglia  send  branches  to  join  the  pulmonary  and  oesophageal 
plexuses  (described  along  with  the  pneumogastric  nerve).  They  form  plexuses  on 
the  thoracic  aorta,  and  by  means  of  the  splanchnic  nerves  they  form  the  chief 
source  of  the  solar  plexus. 

The  Solar  and  Pelvic  Plexuses. 

These  great  plexuses  serve  to  distribute  nerves  to  the  viscera  and  vessels  of  the 
abdominal  and  pelvic  cavities.  Taken  together  they  include  three  plexuses — the 
solar  plexus,  hypogastric  plexus,  and  the  pelvic  plexuses.  They  are  constituted 
by  peripheral  branches  of  the  lower  thoracic,  lumbar,  and  upper  sacral  parts  of  the 
gangliated  cord  of  the  sympathetic ;  and  they  are  related  to  the  central  nervous 
system  by  means  of  the  visceral  branches  (white  rami  communicantes)  of  the  lower 
thoracic  and  upper  lumbar  nerves  on  the  one  hand,  and  by  the  visceral  branches 
of  the  second  and  third,  or  third  and  fourth  sacral  nerves,  on  the  other  hand.  The 
thoracico-lumbar  series  join  the  sympathetic  cord,  and  reach  the  solar  plexus 
mainly  through  the  splanchnic  nerves,  and  to  a  lesser  extent  through  the  lumbar 
gangliated  cord.  The  sacral  series  enter  the  pelvic  plexus  without  connexion  with 
the  sympathetic  cord.  The  hypogastric  plexus  serves  as  a  connecting  link  between 
the  solar  and  pelvic  plexuses. 

The  solar  plexus  lies  on  the  posterior  abdominal  wall  in  relation  to  the 
abdominal  aorta  and  behind  the  stomach.  It  is  composed  of  three  elements  :  the 
coeliac  plexus  surrounding  the  origin  of  the  coeliac  axis  between  the  crura  of  the 
diaphragm,  and  two  semilunar  ganglia,  each  lying  on  the  corresponding  crus  of 
the  diaphragm,  and  overlapped  by  the  suprarenal  capsule,  and  on  the  right  side 
by  the  inferior  vena  cava.  The  plexus  is  continuous  with  subordinate  plexuses, 
diaphragmatic,  suprarenal,  renal,  superior  mesenteric  and  aortic ;  and  by  means  of 
the  hypogastric  nerves  the  aortic  plexus  becomes  continued  into  the  hypogastric 
plexus,  which  again  forms  the  chief  origin  of  the  pelvic  plexuses. 

The  semilunar  ganglia  constitute  the  chief  ganglionic  centres  in  the  solar 
plexus.  They  are  irregular  in  form.  They  are  often  partially  subdivided,  and  one 
detached  portion  at  the  lower  end  is  named  the  aortico-renal  ganglion.  Other  small 
scattered  masses  of  cells  are  present  in  the  coeliac  plexus  (ganglia  coeliaca).  At 
the  upper  end  the  semilunar  ganglion  receives  the  great  splanchnic  nerve.  The 
aortico-renal  ganglion  at  its  lower  end  receives  the  smaller  splanchnic  nerve. 
Branches  from  the  ganglion  radiate  in  all  directions — inwards  to  join  the  coeliac 
plexus,  upw^ards  to  form  the  diaphragmatic  plexus,  outw^ards  to  the  suprarenal 
plexus,  downwards  to  the  renal,  superior  mesenteric,  and  aortic  plexuses. 
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The  coeliac  plexus  forms  a  considerable 
plexiform  mass  surrounding  the  ccehac  axis.  It 
consists  of  a  dense  meshwork  of  fibres  witli 
ganglia  intermingled  (g.  cceliaca),  joined  by 
numerous  branches  from  the  semilunar  ganglion 
on  each  side,  and  by  branches  from  the  right 
pneumogastric  nerve.  It  is  continuous  below 
with  the  superior  mesenteric  and  aortic  plexuses. 
Investing  the  coeliac  axis,  it  forms  subsidiary 
plexuses  which  accompany  the  branches  of 
the  artery.  The  coronary  plexus  supplies 
branches  to  the  oesophagus  and  stomach ;  the 
hepatic  plexus  supplies  branches  to  the  liver  and 
gall-bladder,  stomach,  duodenum,  and  pancreas  ; 
and  the  splenic  plexus  sends  oti'sets  to  the  spleen, 
pancreas,  and  stomach. 

Subordinate  plexuses  are  formed  on  the 
aorta  and  its  branches  by  nerves  derived  from 
the  solar  plexus  (semilunar  ganglia  and  coeliac 
plexus). 

a.  The  diaphragmatic  plexus  consists  of 
fibres  arising  from  the  semilunar  ganglion,  and 
accompanies  the  inferior  phrenic  artery.  Besides 
supplying  the  diaphragm,  it  gives  branches  to 
the  suprarenal  plexus,  and  (on  the  right  side) 
to  the  inferior  vena  cava,  (on  the  left  side)  to 
the  oesophagus.  It  coimiiunicates  on  each  side 
with  the  phrenic  nerve.  At  the  junction  of  the 
plexus  and  the  phrenic  nerve  of  the  right  side 
a  ganglion  is  formed  (diaphragmatic  ganglion). 

h.  The  suprarenal  plexus  is  of  most  con- 
siderable size.  It  is  mainly  derived  from 
branches  of  the  semilunar  ganglion,  reinforced 
by  nerves  from  the  lower  part  of  the  solar  plexus 
which  stream  outwards  on  the  capsular  arteries. 
It  is  joined  by  branches  from  the  diaphragmatic 
plexus  above  and  from  the  renal  plexus  below. 
The  nerves  enter  the  substance  of  the  suprarenal 
capsule. 

G.  The  renal  plexus  is  derived  from  ( 1 )  branches 
of  the  semilunar  ganglion,  and  (2)  fibres  from 
the  aortic  plexus,  extending  outwards  along  the 
renal  artery  to  the  hilum  of  the  kidney.  It 
receives  also  the  least  splanchnic  nerve,  and  is 
connected  by  numerous  branches  to  the  supra- 
renal plexus. 

d.  The  superior  mesenteric  plexus  is  insepar- 
able above  from  the  coeliac  plexus,  and  is  ioined 

REC     UT  VES 

on  either  side  by  fibres  from  the  semilunar  t.,,,    ..r.    ^r^^  K,.'.^,r.^. 

.  <J         .  hiQ.    546. — The    Arrangement    of  the 

ganglion.      It  is  continuous   below  with    the         Sympathetic  System  in  the  Thorax, 

aortic  plexus.    A  separate  detached  ganglionic       Abdomen,  and  Pelvis, 

mass  (superior  mesenteric  ganglion)  is  present  in  T.l-12  ;  L.i-5  ;  s.i-5  ;  Co,  Anterior  primary 

divisions  of  spinal  nerves,  connected  to  the 
gangliated  cord  of  the  sympathetic  by 
rami  communicantes,  white  (double  lines)  and  gray  (single  lines)  ;  Oes,  CEsophagns  and  cesophageal 
plexus  ;  Ac,  Aorta  and  aortic  plexus  ;  Va,  V^agus  nerve  joining  oesophageal  plexus  ;  S.  1,  Great  splanchnic 
nerve;  X,  Great  splanchnic  ganglion;  S.  2,  Small  splanchnic  nerve;  S.3,  Least  splanchnic  nerve;  Co, 
Coronary  artery  and  plexus  ;  Spl,  Splenic  artery  and  plexus  ;  H,  Hepatic  artery  and  plexus  ;  S.L,  Semi- 
lunar ganglion  ;  Di,  Diaphragm  ;  S.R,  Suprarenal  capsule  ;  Re,  Renal  artery  and  plexus  ;  S.M,  Superior 
mesenteric  artery  and  plexus  ;  Sp,  Spermatic  artery  and  plexus  ;  I.  M,  Inferior  mesenteric  artery  and 
plexus  ;  Hy,  Hypogastric  nerves  and  plexus  ;  Reg,  Rectal  plexus  ;  Ut,  Uterine  plexus  ;  Yes,  Vesical 
plexus  ;  V.V.V,  Visceral  branches  from  sacral  nerves. 
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the  plexus.  Accompanying  the  superior  mesenteric  artery  the  plexus  forms 
subordinate  plexuses  around  the  branches  of  the  vessel.  The  plexuses  in  the 
mesentery  at  first  surround  the  intestinal  arteries,  but  near  the  intestine  they 
form  fine  plexuses  between  the  layers  of  the  mesentery,  from  which  branches  pass 
to  the  wall  of  the  gut.  This  plexus  supplies  the  small  intestine,  caecum,  vermiform 
appendix,  ascending  and  transverse  portions  of  the  colon. 

e.  The  aortic  plexus  is  the  continuation  downwards  of  the  solar  plexus  around 
the  abdominal  aorta.  It  is  continuous  above  with  the  superior  mesenteric  and 
solar  plexuses ;  it  is  reinforced  by  the  peripheral  branches  of  the  lumbar  gangliated 
cord  of  the  sympathetic ;  and  it  is  connected  with  the  hypogastric  plexus  below 
by  the  hypogastric  nerves.  Besides  investing  and  supplying  the  aorta,  the  plexus 
contributes  to  various  subordinate  plexuses  on  the  branches  of  the  artery.  It 
contributes  to  the  suprarenal  and  renal  plexuses,  and  it  gives  rise  to  the  spermatic 
or  ovarian  and  the  inferior  mesenteric  plexuses. 

The  spermatic  plexus  invests  and  accompanies  the  spermatic  artery.  It  is 
derived  from  the  aortic  plexus,  and  receives  a  contribution  from  the  renal  plexus. 
It  supplies  the  spermatic  cord  and  testicle. 

The  ovarian  plexus  in  the  female  arises  like  the  spermatic  plexus.  It  accom- 
panies the  ovarian. artery  to  the  pelvis,  and  supplies  the  ovary,  broad  ligament,  and 
Fallopian  tube.  It  forms  communications  in  the  broad  ligament  with  the  uterine 
plexus  (from  the  pelvic  plexus),  and  sends  fibres  to  the  uterus. 

The  inferior  mesenteric  plexus  is  a  derivative  from  the  aortic  plexus,  prolonged 
along  the  inferior  mesenteric  artery.  It  forms  subordinate  plexuses  on  the 
branches  of  the  artery  (colic,  sigmoid,  and  superior  haemorrhoidal),  and  is  dis- 
tributed to  the  descending  colon,  iliac  colon,  pelvic  colon,  and  upper  part  of  the 
rectum. 

The  hypogastric  nerves  form  the  continuation  of  the  aortic  plexus  into  the 
pelvic  cavity.  They  consist  of  numerous  plexiform  bundles  of  nerve-fibres  which 
descend  alonc^  the  front  and  back  of  the  bifurcation  of  the  aorta  and  the  origin  of 
the  common  iliac  arteries,  and  over  the  sacral  promontory,  where,  becoming  in- 
extricably mingled,  they  constitute  the  hypogastric  plexus. 

The  hypogastric  plexus  is  continued  downwards  in  front  of  the  sacrum  on  either 
side  of  the  rectum,  and  ends  in  the  pelvic  plexuses. 

The  pelvic  plexuses  are  formed  by  the  separation  of  the  hypogastric  plexus 
into  two  halves  on  either  side  of  the  rectum.  Each  is  joined  by  fibres  from  the 
upper  part  of  the  sacral  portion  of  the  gangliated  cord  of  the  sympathetic,  and  by 
the  visceral  branches  (white  rami  communicantes)  from  the  second  and  third  or 
third  and  fourth  sacral  nerves.  Accompanying  the  internal  iliac  artery  and  its 
branches  each  pelvic  plexus  gives  off  subordinate  plexuses  for  the  pelvic  viscera. 

a.  The  hsemorrhoidal  plexus  supplies  the  rectum,  and  joins  the  superior  hsemor- 
rhoidal  plexus  from  the  inferior  mesenteric  plexus. 

1).  The  vesical  plexus  accompanies  the  vesical  arteries  to  the  bladder- wall. 
Besides  supplying  the  muscular  wall  and  mucous  membrane  of  the  bladder,  it 
forms  subordinate  plexuses  for  the  lower  part  of  the  ureter,  the  vesicula  seminalis, 
and  the  vas  deferens. 

c.  The  prostatic  plexus  is  of  considerable  size.  It  is  placed  on  either  side  of 
the  gland,  and  in  addition  to  supplying  its  substance  and  the  prostatic  urethra,  it 
sends  offsets  to  the  neck  of  the  bladder  and  the  vesicula  seminalis.  It  is  continued 
forwards  on  each  side  to  form  the  cavernous  plexus  of  the  penis  (plex.  cavernosus 
penis).  Bundles  of  nerves  pierce  the  layers  of  the  triangular  ligament,  and  after 
supplying  the  membranous  urethra  at  the  root  of  the  penis,  give  off  branches  which 
enter  and  supply  the  corpus  cavernosum.  The  cavernous  nerves  communicate  with 
branches  of  the  pudic  nerve,  and  give  offsets  to  the  corpus  spongiosum  and  the 
spongy  portion  of  the  urethra. 

d.  The  uterine  plexus  passes  upwards  for  a  short  distance  with  the  uterine  artery 
between  the  layers  of  the  broad  ligament,  and  is  then  distributed  to  the  surfaces 
and  substance  of  the  organ.  It  communicates  between  the  layers  of  the  broad 
ligament  with  the  ovarian  plexus. 

The  vaginal  plexus  is  formed  mainly  by  the  visceral  branches  of  the  sacral 
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nerves  entering  the  pelvic  plexus.  It  supplies  the  wall  and  mucous  membrane 
of  the  vagina  and  urethra,  and  provides  a  cavernous  plexus  for  the  clitoris  (plex. 
cavernosus  clitoridis).  The  uterine  and  vaginal  plexuses  of  the  female  correspond 
to  the  prostatic  plexus  of  the  male. 
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There  are  two  diametrically  opposite  views  of  the  mode  of  development  of  the  sym- 
pathetic system. 

In  birds  and  mammals  the  first  rudiment  of  the  sympathetic  cord  occurs  in  the 
formation  of  a  longitudinal  unsegmented  column  of  mesoblastic  cells  (which  stain  more 
deeply  than  the  mesoblast  in  wdiich  they  he)  on  either  side  of  the  aorta,  and  coterminous 
with  it.  This  column  of  cells  becomes  joined  at 
an  early  stage  by  the  visceral  branches  of  the 
spinal  nerves  which  grow  inwards  from  the  main 
nerve  trunks  into  the  splanchnic  area,  and  result 
from  the  division  of  the  nerve  into  somatic  and 
visceral  parts.  These  visceral  branches  constitute 
the  white  rami  communicantes.  They  receive 
contributions  usually  from  both  dorsal  and  ventral 
roots,  and  gradually  approaching  the  above-men- 
tioned column  of  mesoblastic  cells,  they  become 
intimately  associated  wdth  the  cells.  In  some 
cases  fibres  of  the  visceral  nerves  pass  over  the 
cellular  column  into  the  splanchnic  area  without 
connexion  with  it  (Fig.  548).  By  the  junction  of 
these  visceral  nerves  with  the  cells  of  the  column, 
certain  cells  persist  and  produce  the  ganglia. 
The  intervening  portions  of  the  column,  by 
changes  in  the  cells,  and  by  the  addition  possibly 
of  fibres  belonging  to  the  visceral  nerves,  give 
rise  to  the  commissural  cords.  The  cellular 
column,  besides  producing  the  gangliated  cord, 
by  the  further  growth  of  its  cells  and  their  ex- 
tension centrally  and  peripherally,  produces  the 
gray  rami  communicantes,  parts  of  the  peripheral 
branches,  and  the  peripheral  (collateral  and 
terminal)  ganglia,  as  well  as  the  medullary 
portion  of  the  suprarenal  capsule.  The  cervical, 
lower  lumbar,  and  sacral  portions  of  the  sym- 
pathetic gangliated  cord  are  secondary  extensions 
from  the  more  primitive  condition,  gradually 
growing  upwards  and  downwards  along  the  main 
vessels.  These  portions  of  the  system  are  not 
provided  with  white  rami  communicantes.  The 
ganglia  of  the  sympathetic  assume  their  seg- 
mented appearance  (1)  from  the  persistence  of 
the  primitive  cells  and  their  connexion  with  the 
spinal  nerves  by  means  of  the  white  and  gray 
rami  communicantes,  and  (2)  from  the  way  in  which  the  primitive  column  is  moulded 
by  the  surrounding  structures  (bones,  segmental  arteries,  etc.) 

Another  account  of  the  development  of  the  sympathetic  system,  supported  by  high 
authority,  describes  the  gangliated  cord  as  an  outgrowth  of  the  dorsal  ganglia  of  the 
spinal  nerves.  It  is  said  that  each  ganglion  gives  oft'  a  bud  at  its  lower  end,  which, 
growing  inwards  into  the  splanchnic  area,  becomes  attached  to  the  trunk  of  the  spinal 
nerve  just  beyond  the  union  of  the  dorsal  and  ventral  roots.  The  bud  still  extending 
inwards  into  the  splanchnic  area,  remains  associated  with  the  nerve  by  an  attenuated 
stalk.  These  buds,  it  is  said,  become  the  ganglia,  which,  after  reaching  their  permanent 
place  in  the  splanchnic  area,  are  supposed  to  extend  upwards  and  downwards  so  as  to 
coalesce  and  form  a  beaded  chain  of  ganglia.  The  stalks  connecting  the  ganglia  with  the 
spinal  nerves  become  the  white  rami  communicantes.  This  mode  of  development  does 
not  satisfactorily  account  for  several  important  features  of  the  sympathetic  system — the 
development  of  those  parts  of  the  gangliated  cord  which  possess  no  white  rami,  the 


Fig.  547. — The  Developmj5nt  op  the 
Sympathetic  Gangliated  Cord. 

Sy,  Sympathetic  cord  ;  Spl,  Splanchnic  branches 
of  spinal  nerves  (white  rami  communi- 
cantes) ;  V.  S,  Vertebral  segments  ;  D.U, 
Dorsal  ganglia. 
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absence  of  a  real  segmental  character  in  the  cord  (remarkably  shown  in  the  foetus),  and 


the  constancy  of  continuity  in  the  gangliated  cord. 


Spl.  --=f 


No  instance  is  recorded  of  a  hiatus 
between  two  ganglia.  It  is  a 
tempting  view  on  the  other  hand, 
as  it  ascribes  to  the  one  germinal 
layer  (epiblast)  the  formation  of  all 
the  elements  of  the  nervous  system, 
and  it  brings  the  sympathetic 
ganglia  into  serial  homology  with 
isolated  ganglia  on  the  cranial  nerves 
{e.g.  the  ciliary,  spheno-palatine,  and 
otic,  on  the  trigeminal  nerve). 

The  Morphology  of  the  Sym- 
pathetic System. 

From  a  consideration  of  its  struc- 
ture, functions,  and  development,  there 
appear  to  be  two  separate  structures 
represented  in  the  sympathetic  nervous 
system — the  spinal  and  the  sympathetic 
elements.  The  structure  of  the  system 
presents  a  union  of  two  distinct  elements 
— fibres  of  cerebro-spinal  origin  and 
"  sympathetic  "  cells  and  fibres.  While 
the  function  of  the  gangliated  cord  and 
its  branches  seems  to  be  absolutely  de- 
pendent upon  the  cerebro-spinalnervous 
system,  it  is  certain  that  the  cells  and 
fibres  of  the  symj^athetic  system  possess 
a  vital  activity  apart  from  their  con- 
nexion with  the  central  nervous  system. 
In  the  development  of  the  sympathetic 
it  is  at  least  highly  probable  that  a  mesoblastic  rudiment  or  precursor  forms  the  basis  of  the 
sympathetic  system,  which  is  secondarily  joined  T)y  nerve-fibres  from  the  roots  of  the  spinal 
nerves. 

Morphologically  this  part  of  the  nervous  system  is  essentially  a  longitudinal  cord  or  column, 
associated  with  involuntary  muscles  and  glandular  tissues,  and  particularly  related  to  the  organs 
in  the  sj)lanchnic  area.  Like  other  longitudinal  structures  in  the  body,  and  especially  like  the 
organs  of  the  splanchnic  area,  the  sympathetic  system  is  not  truly  segmental.  The  gangliated 
cord  is  only  quasi -segmental,  the  segmentation  being  attributable  to  its  junction  with  the 
visceral  branches  of  the  spinal  nerves.  The  perii^heral  branches  from  the  gangliated  cord  are 
not  segmental ;  even  the  gray  rami  are  not  properly  metameric,  but,  like  the  ganglia,  assume  a 
segmental  character  in  consequence  of  their  connexions  with  the  spinal  nerves. 

The  phylogenetic  relation  of  the  sympathetic  and  the  cerebro-spinal  elements  in  the  system 
it  is  impossible  to  determine.  It  may  be  that  the  sympathetic  system  is  the  representative  of 
an  ancient  architecture  independent  of  the  cerebro-s^Jinal  nervous  system,  the  materials  of  which 
are  utilised  for  a  more  modern  nervous  system  ;  or  it  may  be  that  the  correlation  of  spinal 
nerves  and  sympathetic  are  both  the  consequences  of  the  formation  of  new  organs  and  structures 
in  the  sj^lan clinic  area.  Examined  in  every  light,  it  possesses  features  which  effectually  differ- 
entiate it  from  the  cerebro-spinal  system,  although  it  lias  become  inextricably  united  with  it 
and  subservient  to  it. 


Fig.  548. 


-Section  through  the  Sympathetic  Gangliated- 
Cord  of  an  Embryo. 

Showing  the  connexion  with  the  ganglion  (Sy)  of  the  wliite 
ramus  commnnicans  (Spl)  ;  (a)  a  portion  of  the  ramus  join- 
ing the  ganglion  ;  (/3)  fibres  passing  over  the  cord,  accom- 
panied by  a  stream  of  cells  ;  (7)  continuous  with  those  of 
the -ganglion  ;  (Ao)  Aorta, 


THE  ORGANS  OF  SENSE  AND  THE 
INTEGUMENT. 

By  Kobebt  Howden. 
THE  NOSE. 

The  nose  constitutes  the  peripheral  part  of  the  organ  of  smell  (organon  olfactus), 
since  to  the  upper  portion  of  its  mucous  lining  the  branches  of  the  olfactory  nerve 
are  distributed.  It  consists  of  an  external  portion,  the  outer  nose,  which  projects 
from  the  face,  and  of  an  internal  part,  or  cavum  nasi,  which  is  divided  by  a  vertical 
septum  into  right  and  left  cavities  or  fossa?. 

The  outer  nose,  or  nasus  externus,  forms  a  more  or  less  triangular  pyramid,  of 
which  the  upper  angle  is  termed  the  root  (radix  nasi),  and  is  usually  separated  from 
the  glabella  by  a  depression,  while  its  base  (basis  nasi),  directed  downwards,  is  per- 
forated by  the  apertures  of  the  nostrils  (anterior  nares).  Its  free  angle  is  named 
the  point  (apex  nasi),  and  the  anterior  border,  joining  root  and  point,  is  termed  the 
dorsum  nasi ;  the  upper  part  of  the  dorsum  is  supported  by  the  nasal  bones,  and  is 
named  the  bridge.  The  lateral  aspects  of  the  nose  are  continuous  with  the  eyelids 
above  and  with  the  cheeks  below,  forming  with  the  latter  a  varying  angle.  Each 
lateral  surface  ends  inferiorly  in  a  mobile  and  expanded  portion,  the  ala  nasi,  which 
forms  the  outer  boundary  of  the  anterior  nares,  and  is  limited  above  by  a  furrow, 
the  alar  sulcus.  The  skin  covering  the  nose  is  thin  and  movable  over  the  root,  but 
thick  and  adherent  over  the  point  and  aliie,  where  it  contains  numerous  large 
sebaceous  glands. 

The  arterial  supply  of  the  outer  nose  is  derived  from  the  facial  and  ophthalmic  arteries,  and 
its  veins  drain  themselves  into  the  facial  and  ophthalmic  trunks.  Its  23rinci23al  lymphatic  vessels 
follow  the  course  of  the  facial  vein  and  open  into  the  submaxillary  lymphatic  glands.  From  the 
root  of  the  nose  one  or  two  vessels  curve  l>ackwards  above  the  orbit  to  reach  the  uj^per  parotid 
glands,  while  a  third  group  runs  below  the  orbit  to  the  lower  parotid  glands.  The  facial  nerve 
supplies  its  muscles,  while  the  sensory  nerves  for  the  skin  are  the  infratrochlear  and  nasal  branches 
of  the  ophthalmic  nerve  and  the  infraorl^ital  branch  of  the  superior  maxillary  nerve. 

The  nose  presents  great  variety  as  to  its  size  and  shape,  and  certain  well-defined  types,  such  as 
aquiline,  Grecian,  etc.,  are  described.  The  relation  which  its  breadth,  measured  across  the  alse, 
bears  to  its  length,  measured  from  root  to  point,  is  termed  the  nasal  inclex,  and  is  expressed  thus  : 

greatest  breadth  x  100 
greatest  length. 

In  white  races  this  index  is  below  70  (leptorhines) ;  in  yellow  races,  between  78  and  85 
(mesorhines) ;  aud  in  black  races,  above  85  (platyrhines). 

CARTILAGES  OF  THE  NOSE. 

In  addition  to  the  bony  skeleton  of  the  nose  there  are  five  chief  cartilages 
(cartilagines  nasi)  which  contribute  to  the  production  and  maintenance  of  its 
shape.  These  are  named — (a)  the  cartilage  of  the  septum,  and  (b)  the  upper  and 
lower  lateral  cartilages  on  each  side. 

The  cartilage  of  the  septum  (cartilage  septi  nasi,  Fig.  549)  is  of  an  irregularly 
quadrilateral  form.  Its  postero-superior  edge  is  attached  to  the  mesethmoid ;  its 
postero-inferior  margin  to  the  vomer  and  intermaxillary  crest.    Its  antero-superior 
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border  is  thick,  and  is  fixed  above  to  the  back  of  the  internasal  suture ;  below  the 
level  of  the  nasal  bones  it  is  continued,  on  either  side,  into  the  upper  lateral 
cartilages,  which  may  be  looked  upon  as  its  wing-like  expansions.    The  lower  part 


Fig,  549. — Lateral  View  of  Nasal  Septum. 


of  this  border  is  separated  by  a  fissure  from  the  upper  lateral  cartilages,  and 
extends  downwards  between  the  inferior  lateral  cartilages,  to  which  it  is  attached 
by  fibrous  tissue.  In  this  fibrous  tissue  a  small  sesamoid  cartilage  is  usually 
seen  on  each  side  of  the  middle  line.  Its  antero-inferior  border  is  short,  and  is 
attached  by  fibrous  tissue  to  the  mesial  plates  of  the  lower  lateral  cartilages, 
while  its  anterior  angle  is  rounded  and  does  not  reach  as  far  as  the  point  of  the 
nose.  The  lowest  part  of  the  nasal  septum  is  not  formed  by  the  septal  cartilage, 
but  by  the  mesial  plates  of  the  lower  lateral  cartilages  and  by  the  integument,  and, 
being  freely  movable,  is  termed  the  septum  mobile  nasi.  The  cartilage  of  the  septum 
may  be  prolonged  backwards  (especially  in  children)  as  a  tongue-like  process  into 
the  angle  between  the  vomer  and  ethmoid.  This  process,  varying  in  width  from 
4-6  mm.,  is  named  the  processus  sphenoidalis  septi  cartilaginei,  and  sometimes  reaches 
as  far  as  the  body  of  the  sphenoid. 

Lying  along  the  lower  edge  of  the  cartilage  of  the  septum,  and  best  seen  on 
making  a  coronal  section  of  the  nose,  are  a  couple  of  elongated  cartilaginous  strips. 
Each  measures  from  6-12  mm.  in  length,  is  attached  to  the  vomer,  and  is  named 
the  vomerine  cartilage  (cartilago  vomeronasalis,  Jacobsoni). 

The  upper  lateral  cartilage  (cartilage  nasi  lateralis.  Figs.  550,  551)  is  triangular 
in  shape  and  situated  immediately  below  the  nasal  bone,  to  which  and  to  the 
superior  maxilla  its  thin  posterior  border  is  attached.  Its  anterior  edge  is  thick 
and  its  upper  part  is  directly  continuous  with  the  cartilage  of  the  septum.  Its  lower 
margin  is  joined  by  fibrous  tissue  to  the  upper  edge  of  the  lower  lateral  cartilage. 

The  lower  lateral  cartilage  (cartilago  alaris  major.  Figs.  550,  551,  552)  encircles 
the  anterior  part  of  the  nostril  and  assists  in  keeping  it  open.  It  consists  of  two 
plates,  outer  and  inner,  which  are  continuous  with  each  other  in  a  rounded  angle 
at  the  point  of  the  nose.  The  outer  plate,  or  crus  laterale,  is  oval  in  shape  and  is 
attached  to  the  upper  lateral  cartilage  and  to  the  superior  maxilla  by  fibrous  tissue. 


NASAL  FOSS^. 
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Continuous  with  its  postero-superior 
angle  are  two  or  three  small  carti- 
laginous pieces  (cartilagines  alares 
minores),  while  sometimes  a  horizon- 
tal furrow  cuts  off  a  narrow  linear 
part  from  its  upper  aspect.  The 
lower  edge  of  the  outer  plate  does 
not  descend  as  far  as  the  lateral 
boundary  of  the  nostril,  the  ala  being 
devoid  of  cartilage  and  composed 
merely  of  fatty  and  connective 
tissue  covered  by  skin.  The  inner 
plate,  or  crus  mediale  (Fig.  552), 
bounds  the  inner  aspect  of  the  nostril 
and  lies  in  the  septum  mobile  nasi, 
below  the  anterior  part  of  the  carti- 
lage of  the  septum.  The  mesial 
plates  of  the  two  cartilages  are  separ- 
ated in  front  by  a  notch  which 
corresponds  with  the  point  of  the 
nose,  and  each  curves  slightly  out- 
wards posteriorly  and  ends  in  a 
rounded  extremity. 

NASAL  FOSS^. 

The  nasal  fossae  (Fig.  553)  are 
two  in  number  and  are  placed  one  on 
either  side  of  the  middle  hne.  They 
extend  from  the  anterior  to  the 
posterior  nares  or  choaucC,  and  open 
Their  bony  boundaries  are  described 


Nasal  process  of 
superior  maxill 


Upper  lateral 
cart 


Fig.  550. — Profile  View  of  the  Bony  and  Carti- 
laginous Skeleton  of  the  Nose. 
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Fig.  551. — Front  View  of  the  Bony  and  Cartilaginous 
Skeleton  of  the  Nose. 


the  latter  into  the  naso-pharynx. 
section  on  Osteology  (p.  173).  On 
the  lateral  wall  of  each  are  found 
the  orifices  of  the  frontal,  eth- 
moidal, sphenoidal,  and  maxillary 
sinuses,  together  with  that  of  the 
nasal  duct. 

Immediately  above  the  aperture 
of  the  nostril  is  a  slightly  ex- 
panded area,  the  vestibule  (vesti- 
bulum  nasi).  This  is  bounded 
externally  by  the  lower  lateral 
cartilage,  and,  internally,  by  the 
lower  part  of  the  septum,  and  is 
prolonged  towards  the  tip  of  the 
nose  as  a  small  pouch,  termed  the 
ventricle.  Partly  subdivided  by  a 
curved  ridge,  the  vestibule  is  lined 
by  skin  and  contains  hairs  and 
sebaceous  glands.  The  hairs,  or 
vibrissse,  springing  from  its  lower 
half,  are  stout  and  curved  down- 
wards to  guard  the  entrance  to  the 
nostril.  The  upper  part  of  the 
vestibule  is  smooth,  and  is  limited 
above  and  behind  by  a  slightly- 
marked  arched  prominence,  the 
limen  nasi,  beyond  which  the  fossa 
is  lined  by  mucous  membrane. 
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Fig.  552. — Cartilages  of  Nose  from  Below. 


The  nasal  fossa  above  and  behind  the  vestibule  is  divided  into  two  parts,  viz. 
an  upper  or  olfactory,  and  a  lower  or  respiratory  region.  The  olfactory  part,  or  regio 
olfactoria,  is  a  narrow,  slit-like  cavity,  and  comprises  the  region  of  the  superior 

turbinated  bone,  together  with  a  correspond- 
ing portion  of  the  septum.  The  respiratory- 
part,  or  regio  respiratoria,  is  expanded,  and 
j  cartilage  iucludcs  the  lowcr  and  remaining  parts  of 
the  fossa. 

Inner  Wall  or  Septum  Nasi  (Fig.  549). 
— Where  the  bony  septum  is  deficient, 
below  and  in  front,  the  gap  is  filled  by  the 
septal  cartilage.  Until  the  seventh  year 
the  nasal  septum  lies,  as  a  rule,  in  the 
mesial  plane,  but  after  this  age  is  very 
often  deflected  to  one  or  other  side — more 
frequently  to  the  right — the  deflection  being 
usually  greatest  along  the  line  of  junction  of  the  vomer  and  mesethmoid.  Deflec- 
tion of  the  septum  is  more  common  in  European  than  in  non-European  skulls — 
occurring  in  about  53  per  cent  of  the  former  and  in  about  28  per  cent  of  the  latter 
(Zuckerkandl,  Anatomie  der  Nasenlbohle,  1892).  Associated  with,  or  apart  from, 
this  deviation,  lateral  crests  or  spurs  of  bone  are  found,  in  about  20  per  cent  of 
skulls,  projecting  from  the  septum  into  one  or  other  nasal  fossa.  In  the  floor  of 
the  fossa,  close  to  the  lower  edge  of  the  septal  cartilage  and  immediately  over  the 
incisive  foramen,  a  slight  depression,  the  recessus  naso-palatinus,  may  be  seen.  It 
is  directed  downwards  and  forwards,  and  indicates  the  position  of  the  communication 
which  originally 
existed  between 
the  nasal  and 
buccal  cavities. 
In  the  septum, 
a  little  above 
and  in  front 
of  this  depres- 
sion, is  a  minute 
orifice,  not  always 
rec  ogni sable, 
from  which  a 
blind  pouch  ex- 
tends upw^ards 
and  backwards 
for  a  distance  of 
from  2  to  9  mm. 
This  is  the  rudi- 
mentary organ  of 
Jacobson  (orga- 
non  vomero- 
nasale)  and  is 
supported  by  the 
vomerine  carti- 
lage. In  many  of  Fig.  553. 
the  lower  animals 

this  organ  is  well  developed  (Fig.  554),  and  probably  plays  a  part  in  the  sense  of 
smell,  being  lined  by  epithelium  similar  to  that  in  the  olfactory  part  of  the  nose 
and  supplied  by  branches  of  the  olfactory  nerve. 

Outer  Wall  (Fig.^55). — Above  the  superior  turbinated  bone  is  a  narrowrecess,the 
recessus  spheno-ethmoidalis,  into  the  posterior  pait  of  which  the  sphenoidal  air-sinus 
opens.  The  superior  meatus  (meatus  nasi  superior)  is  a  short  oblique  fissure,  directed 
downwards  and  backwards  under  cover  of  the  superior  turbinated  bone  ;  into  its 
antero-superior  portion  the  posterior  ethmoidal  cells  open  by  one  or  more  orifices. 


-Coronal  Section  through  Nasal  Fossae  ; 

Viewed  from  Behind, 


Anterior  Half  of  Section 
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The  narrow  slit-like  interval  between  the  nasal  septum  and  the  inner  aspect  of  the 
middle  turbinated  bone  is  named  the  olfactory  cleft  or  sulcus.  The  middle  meatus 
(meatus  nasi  medius),  situated  below  and  to  the  outer  side  of  the  middle  turbinated 
bone,  is  a  roomy  passage,  and  is  continued 
forwards  into  a  slightly  depressed  area 
termed  the  atrium  meatus  nasi,  which  lies 
immediately  above  the  vestibule.  The 
atrium  is  limited  above  and  in  front  by  a 
low  ridge,  the  agger  nasi,  the  representa- 
tive of  the  naso-turbinal  found  in  many 
animals.  On  raising  or  removing  the  middle 
turbinated  bone  a  rounded  elevation,  bulla 
ethmoidalis,  caused  by  the  middle  ethmoidal 
air-cells,  is  seen.  This  varies  in  size  and 
is  directed  downwards  and  forwards,  whilst 
opening  either  on  it  or  above  it  are  the 
orifices  of  the  middle  ethmoidal  cells.  Curv- 
ing upwards  and  forwards,  below  and  in  front 
of  the  bulla  ethmoidalis,  is  a  deep,  narrow 
groove,  the  hiatus  semilunaris,  into  which  the  anterior  ethmoidal  cells  and  the 
antrum  of  Highmore  open.  The  opening  from  the  antrum  (ostium  maxillare)  is 
situated  near  the  lower  and  back  part  of  the  hiatus,  and  is  placed  near  the 


Organs  ot  Jacobsoi 


Fig.  .554. — Section  through  Nose  of  Kitten, 
showing  position  of  Jacobson's  organ. 


Frontal  air-sinns. 
Bristle  passed 
from  it  into 
infundibulum 


Opening  of  middle  ethmoidal  cells 

Openings  of  posterior  ethmoidal  cells 
Recessus  spheno-ethmoidalis 

S])henoidal  air-sinus 


Cut  edge  of  inferior  turbinated  bone 

into  opening  of  nasal  duct 


Fig.  555.- -View  of  the  Outer  Wall  of  the  Nose — the  Turbinated  Bones  having  been  removed. 


1.  Vestibule. 

2.  Opening  of  antrum  of  Highmore. 

3.  Hiatus  semilunaris. 


4.  Bulla  ethmoidalis. 

5.  Agger  nasi. 

().  Opening  of  anterior  ethmoidal  cells. 


7.  Cut  edge  of  superior  turbinated  bone. 

8.  Cut  edge  of  middle  tui'binated  bone. 

9.  Pharyngeal  orihce  of  Eustachian  tube. 


roof  of  the  antral  cavity.  A  second  opening  (ostium  accessorium)  is  not  infrequently 
seen  in  the  middle  meatus  above  the  posterior  part  of  the  inferior  turbinated  bone. 
The  middle  meatus  extends  upwards  and  forwards,  and,  becoming  narrowed,  is 
continued  into  the  infundibulum  or  channel  leading  into  the  frontal  air-sinus. 
The  inferior  meatus  (meatus  nasi  inferior)  lies  below  the  inferior  turbinated  bone, 
50 
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under  cover  of  the  anterior  part  of  whicli  is  found  the  slit-like  orifice  of  the  nasal 
duct  (see  p. 
Mucous 


741). 

Membrane 


(membrana  mucosa  nasi). 


Fig,  556. — Section  through  the  Olfactory  Mucous  Membrane. 


-The  Schneiderian  or  nasal 
mucous  membrane 
is  thick,  highly 
Epithelium  vascuIar,  and  firmly 
bound  to  the  sub- 
jacent periosteum 
and  perichondrium. 
It  is  continuous, 
through  thechoanse, 
with  the  mucous 
lining  of  the  naso- 
pharynx ;  through 
the  nasal  duct  and 
lachrymal  canals, 
with  the  conjunc- 
tiva ;  and,  through 
the  apertures  lead- 
ing into  the  air- 
sinuses,  with  the 
delicate  lining  of 
these  cavities. 

Throughout  the 

respiratory  region  it  is  covered  by  columnar,  ciliated  epithelium,  interspersed 
amongst  which  are  goblet  or  mucin  cells,  whilst  between  the  bases  of  the  columnar 
cells  smaller  pyramidal  cells  are  interpolated.  It  contains  a  freely  anastomosing 
venous  plexus,  which 
in  some  parts,  e.g.  over 
the  inferior  turbinated 
bones,  forms  a  kind  of 
cavernous  tissue  (plexus 
cavernosus  concharum). 
Many  acinous  glands, 
secreting  a  watery  fluid, 
are  embedded  in  it,  and 
are  especially  large  and 
numerous  in  the  posterior 
half  of  the  nasal  fossae, 
while  in  children  it  con- 
tains a  considerable 
amount  of  adenoid 
tissue. 

In  the  olfactory 
region  the  mucous  mem- 
brane is  yellowish  in 
colour,  more  delicate,  and 
covered  by  non-ciliated 
columnar  epithelium 
(Figs.  556,  557).  Em- 
bedded in  it  are  numerous 
tubular  and  often 
branched  glands,  the 
glands  of  Bowman  (gl.  olfactoriae) ;  these  are  lined  by  polygonal  cells  and  open  by 
fine  ducts  on  its  free  surface.  The  epithelium  covering  the  olfactory  region 
consists  of :  (1)  supporting  cells,  (2)  olfactory  cells,  and  (3)  basal  cells. 

1.  Supporting  Cells. — The  outer  part  of  these  cells  is  columnar  in  shape  and 
contains  fine  granules  of  yellow  pigment,  whilst  the  deeper  portion  is  attenuated 
and  frequently  branched.    They  contain  elliptical  or  oval  nuclei,  which  are  situated 
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at  the  deep  ends  of  the  columnar  parts  of  the  cells,  and  form  what  is  termed  the 
zone  of  oval  nuclei. 

2.  Olfactory  Cells. — They  are  spindle-shaped  and  lie  between  the  deeper, 
attenuated  parts  of  the  supporting  cells  ;  their  nuclei  are  circular  and  form  the 
zone  of  round  nuclei.  Each  cell  gives  off  a  peripheral  and  a  central  process,  the 
former  of  which  is  rod-like  and  ends  on  a  level  with  the  free  extremities  of  the 
supporting  cells,  where  it  is  surmounted  by  a  pencil  of  short  filaments,  termed  the 
olfactory  hairs.  A  fine  membrane,  the  membrana  limitans  externa,  covers  in  many 
animals  the  free  surface  of  the  epithelium,  and  is  pierced  by  the  olfactory  hairs  and 
by  the  ducts  of  Bowman's  glands. 

The  central  process  is  a  very  delicate  varicose  filament,  which  passes  inwards 
and  is  continuous  with  a  fibril  of  the  olfactory  nerve.  Each  of  these  nerve  fibrils 
probably  retains  its  independence  from  its  point  of  origin  in  an  olfactory  cell  to  its 
termination  in  the  olfactory  bulb,  in  the  glomerular  layer  of  which  it  forms  a  free 
arborisation. 

3.  Basal  Cells. — These  cells  are  branched,  and  lie  on  a  basement  membrane 
between  the  deep  extremities  of  the  supporting  and  olfactory  cells. 

Olfactory  Nerves. — These  nerves  arise  from  the  under  aspect  of  the  olfactory 
bulb  and  are  transmitted  through  the  foramina  in  the  cribriform  plate  of  the 
ethmoid  bone.  They  are  at  first  lodged  in  the  bony  canals  or  grooves  situated  on 
the  inner  and  outer  walls  of  the  olfactory  area,  and,  reaching  the  deep  surface  of 
the  mucous  membrane,  are  continued  into  the  central  processes  of  the  olfactory 
cells.    The  olfactory  nerves  possess  no  medullary  sheath. 

The  fifth  cranial  nerve  supplies  branches  of  ordinary  sensation  to  the  nasal  mucous  membrane 
as  follows  :  The  septum  is  chiefly  supplied  by  tlie  naso-palatine  nerve,  but  its  posterior  jDart 
receives  some  filaments  from  Meckel's  ganglion  and  the  Vidian  nerve,  and  its  anterior  portion 
from  the  nasal  branch  of  the  ophthalmic.  The  outer  wall  is  supj)lied — (1)  by  the  upper  nasal 
branches  of  the  Vidian  nerve  and  Meckel's  ganglion  ;  (2)  by  the  lower  nasal  branches  derived  from 
the  anterior  23alatine;  and  in  front  by  (3)  the  outer  division  of  the  nasal  branch  of  the  ophthalmic. 
The  floor  and  anterior  part  of  the  inferior  meatus  are  supjDlied  by  a  nasal  branch  of  the  anterior 
superior  dental  nerve. 

Blood-vessels. — Arteries. — The  cliief  artery  of  the  nose  is  the  splieno-palatine  branch  of  the 
internal  maxillary  artery.  This  reaches  the  nasal  cavity  through  the  spheno-palatine  foramen,  and 
divides  into — (a)  posterior  nasal,  which  ramifies  over  the  turbinated  bones  and  sends  branches  to 
the  antrum  and  to  the  frontal  and  ethmoidal  cells ;  and  (6)  naso-j^alatine,  the  artery  of  the 
sej^tum.  Twigs  are  given  to  the  ujDper  portion  of  the  cavity  by  the  anterior  and  posterior 
ethmoidal  arteries,  while  its  posterior  part  receives  some  small  branches  from  the  descending 
palatine  vessel.  The  nostrils  are  supplied  by  the  lateral  nasal  branch  of  the  facial,  and  by  the 
septal  artery  of  the  superior  coronary.  The  antrum  is  partly  supplied  by  the  infraorbital  artery, 
whilst  the  sphenoidal  sinus  gets  its  chief  supply  from  the  ^^terygo-j^alatine  vessel.  The  veins 
form  a  dense  plexus  almost  resembling  cavernous  tissue  in  structure.  This  condition  is  well  seen 
in  the  respiratory  region,  and  especially  so  over  the  middle  and  inferior  turbinated  bones  and  on 
the  lower  part  of  the  septum.  The  venous  blood  is  carried  in  three  chief  directions,  viz. 
fonvards  into  the  facial  vein,  backwards  into  the  spheno-palatine  vein,  and  upwards  into  the 
ethmoidal  veins.  The  ethmoidal  veins  communicate  with  the  ophthalmic  veins  and  the  veins  of 
the  dura  mater ;  further,  an  ethmoidal  vein  23asses  up  through  the  cribriform  plate  of  the 
ethmoid,  and  either  opens  into  the  venous  plexus  of  the  olfactory  bulb  or  directly  into  one  of  the 
veins  of  the  orbital  part  of  the  frontal  lobe  of  the  brain.  The  lymphatics  form  an  irregular  net- 
work in  the  superficial  j^art  of  the  mucous  membrane,  and  can  be  injected  from  the  subdural  or 
subarachnoid  space.  The  larger  vessels  are  directed  backwards  towards  the  choanse,  and  are 
collected  into  two  trunks,  of  which  the  larger  passes  to  a  lymphatic  gland  in  front  of  the 
axis  vertebra,  and  the  smaller  to  one  or  two  glands  situated  near  the  great  cornu  of  the  hyoid 
bone. 

The  development  of  the  nose  is  described  in  the  section  which  deals  with 
"  General  Embryology  "  (p.  38). 

THE  EYE. 

The  eyeball  or  globe  of  the  eye  (bulbus  oculi)  constitutes  the  chief  part  of  the 
organ  of  sight  (organon  visus) ;  but,   associated   with  its  description,  certain 
accessory  structures,  such  as  the  eyelids  and  the  lachrymal  apparatus,  fall  to  be 
considered. 
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THE  EYEBALL. 

Situated  in  the  anterior  part  of  the  orbital  cavity,  the  eyeball  is  protected  in 
front  by  the  eyelids  and  by  their  mucous  lining,  the  conjunctiva,  and  is  pierced 
behind  by  the  optic  nerve,  or  nerve  of  sight,  which  spreads  out  to  form  its  innermost 
tunic,  the  retina.  The  tendons  of  the  ocular  muscles  are  attached  to  its  outer 
surface  a  short  distance  in  front  of  its  equator,  while  its  posterior  two-thirds  are 


Fig.  658. — Diagram  op  a  Horizontal  Section  through  left  Eyeball  and  Optic  Nerve 

(four  times  enlarged). 


enveloped  by  a  loose  membrane,  termed  the  capsule  of  Tenon,  or  fascia  bulbi,  which 
separates  it  from  the  surrounding  orbital  fat. 

The  eyeball  is  not  quite  spherical,  being  composed  of  the  segments  of  >  two 
spheres,  viz.  an  anterior,  transparent,  corneal  segment,  possessing  a  radius  of  7  or 
8  mm.,  and  a  posterior,  opaque,  scleral  segment,  with  a  radius  of  about  12  mm. 
(Fig.  558).  The  anterior  or  corneal  segment,  in  consequence  of  its  shorter  radius, 
projects  as  a  dome  in  front  of  the  scleral  portion,  the  union  of  the  two  parts 
being  indicated  externally  by  a  slight  groove,  the  sulcus  sclerse.  The  central 
points  of  the  anterior  and  posterior  curvatures  of  the  eyeball  constitute 
respectively  its  anterior  and  posterior  poles,  while  a  straight  line  joining  the  two 
poles  is  termed  its  sagittal  axis  (axis  optica).  The  axes  of  the  two  eyeballs  are 
almost  parallel,  diverging  only  slightly  in  front ;  but  the  axes  of  the  optic  nerves 
converge  behind,  and,  if  prolonged  backwards,  would  meet  in  the  region  of  the 
dorsum  sellse  of  the  sphenoid.  An  imaginary  line  encircling  the  globe  midway 
between  its  two  poles  is  named  its  equator,  and  meridional  lines  (meridiani)  may  be 
drawn  from  pole  to  pole  at  right  angles  to  the  equator.  Its  sagittal  and  transverse 
diameters  are  nearly  equal — about  24  mm.;  its  vertical  diameter  is  about  23  5  mm. 
All  three  diameters  are  rather  less  in  the  female  than  in  the  male,  but  the  size  of 
the  eyeball  is  fairly  constant  in  the  same  sex.  What  are  popularly  described  as 
large  eyes  owe  their  apparent  increase  in  size  to  a  greater  prominence  of  the  globe 
and  to  a  wider  fissure  between  the  eyelids. 
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At  birth  the  eyeball  is  nearly  spherical  and  has  a  diameter  of  about  17  "5  mm.  By 
the  age  of  puberty  this  has  increased  to  20  or  21  mm.,  after  which  it  rapidly  reaches  its 
adult  size. 

The  eyeball  (Fig.  558)  consists  of  three  concentric  tunics  or  coats,  contained 
within  which  are  three  transparent  refracting  media.  The  three  tunics  are  :  (1)  an 
outer  fibrous  coat,  the  sclero-cornea,  consisting  of  an  opaque  posterior  part,  the 
sclera,  and  a  transparent  anterior  portion,  the  cornea;  (2)  an  intermediate 
vascular,  pigmented,  and  partly  muscular  tunic,  the  tunica  vasculosa  oculi,  com- 
prising from  behind  forward  the  chorioid,  the  ciliary  body,  and  the  iris ;  (3)  an 
internal  nervous  tunic,  the  retina.  "  The  three  refracting  media  are  named, 
from  before  backwards,  the  aqueous  humour,  the  crystalline  lens,  and  the  vitreous 
body. 

SCLERA. 

The  sclera,  sclerotic  coat,  or  white  of  the  eye,  is  a  firm,  opaque  membrane,  which 
forms  something  like  the  posterior  five-sixths  of  the  outer  tunic.  Thickest 
posteriorly  (about  1  mm.),  it  thms  at  the  equator  to  0*4  mm.-0'5  mm.,  and  again 
increases  to  0-6  mm.  near  the  sulcus  sclerse.  In  the  child  it  is  thinner  than  in  the 
adult,  and  presents  a  bluish  appearance,  caused  by  the  pigment  of  the  chorioid 
shining  through  it,  while  in  old  age  it  assumes  a  yellowish  tinge.  Its  outer  surface 
is  covered  by  a  layer  of  endothelium  and  is  in  contact  with  the  capsule  of  Tenon — 
a  lymph  space,  the  suprascleral  lymphatic  space,  only  intervening.  In  front  of  the 
equator  it  is  roughened  by  the  attachment  of  the  tendons  of  the  ocular  muscles, 
while  its  anterior  part  is  covered  by  mucous  membrane,  the  conjunctiva.  Its  deep 
surface  presents  a  brownish  colour,  and  is  loosely  attached  to  the  chorioid,  except  at 
the  optic  entrance  and  in  the  neighbourhood  of  the  sulcus  sclerae.  It  is  pierced  behind 
by  the  optic  nerve,  the  entrance  for  which  is  funnel-shaped,  wide  behind  and  narrow 
in  front,  and  is  situated  1  mm.  below  and  3  mm.  to  the  nasal  side  of  the  posterior 
pole  of  the  eyeball.  The  fibrous  sheath  of  the  nerve  blends  with  the  outer  part  of 
the  sclera,  while  the  nerve  bundles  pass  through  a  series  of  orifices ;  this  perforated 
portion  is  named  the  lamina  cribrosa  sclerse.  Around  the  entrance  of  the  optic  nerve 
are  some  fifteen  or  twenty  small  apertures  for  the  passage  of  the  ciliary  nerves  and 
short  ciliary  arteries.  The  two  long  posterior  ciliary  arteries  pierce  it,  one  on 
either  side,  some  little  distance  from  the  optic  entrance ;  while  a  little  behind  the 
equator  are  four  openings,  two  above  and  two  below,  for  the  exit  of  veins,  called 
venae  vorticosse.  Near  the  sulcus  sclerae  it  is  perforated  by  the  anterior  ciliary 
arteries.  Its  inner  surface  is  lined  by  flattened  endothelial  cells ;  and  between  it 
and  the  chorioid  is  an  extensive  lymph  space,  the  spatium  perichorioideale,  which 
is  traversed  by  the  ciliary  nerves  and  arteries  just  mentioned,  and  by  an  irregular 
meshwork  of  fine,  pigmented,  connective  tissue,  the  lamina  fusca,  which  loosely 
attaches  the  sclera  to  the  chorioid.  At  the  corneo-scleral  junction  the  fibrous 
tissue  of  the  sclera  passes  continuously  into  that  of  the  cornea,  and  in  the  deeper 
part  of  this  junction  there  is  a  circular  canal,, the  sinus  venosus  sclerse,  or  canal  of 
Schlemm,  which  communicates  externally  with  the  scleral  veins,  and  internally, 
through  numerous  small  openings,  with  the  anterior  chamber  of  the  eyeball. 

The  sclera  consists  of  bundles  of  white  fibrous  tissue,  together  with  some  fine 
elastic  fibres,  the  bundles  forming  equatorial  and  meridional  layers,  which  inter- 
lace with  each  other.  Numerous  spaces  containing  connective  tissue  cells  and 
migratory  cells  exist  between  the  fibres.  Pigmented  cells  are  plentiful  in  the 
lamina  fusca,  and  a  few  are  also  found  in  the  tissue  of  the  sclera,  near  the  optic 
entrance  and  in  the  region  of  the  corneo-scleral  junction.  The  sclera  receives 
its  blood-supply  from  the  short  posterior  ciliary  and  anterior  ciliary  arteries,  while 
its  veins  open  into  the  venae  vorticosse  and  anterior  ciliary  veins.  The  cell  spaces 
play  the  part  of  lymphatics,  and  communicate  with  the  perichorioidal  and  supra- 
scleral lymph  spaces.  Its  nerves  are  derived  from  the  ciliary  nerves,  which,  after 
losing  their  medullary  sheath,  pass  between  the  fibrous  bundles ;  their  exact  mode 
of  ending  is  not  accurately  known. 
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COENEA. 

The  cornea  forms  the  anterior  sixth  of  the  outer  tunic  and  is  transparent,  in 
order  to  admit  Hght  into  the  interior  of  the  eyeball ;  its  index  of  refraction  is 
from  1-33  to  1-35.  Its  anterior  surface  (facies  anterior)  is  covered  by  a  stratified 
epithelium,  continuous  with  that  which  lines  the  conjunctiva  ;  its  posterior  surface 
(facies  posterior)  is  directed  towards  the  anterior  chamber  of  the  eyeball  and  is  in 
contact  with  the  aqueous  humour.  Its  degree  of  curvature  varies  in  different 
individuals ;  it  is  always  greater  in  youth  than  in  old  age,  and  is,  as  a  rule,  slightly 
greater  in  the  vertical  than  in  the  horizontal  plane.  It  diminishes  also  from  its 
centre  to  its  periphery,  and  is  less  on  the  nasal  than  on  the  temporal  side  of  the 
anterior  pole.    The  anterior  surface  of  the  cornea  is  almost,  but  not  quite,  circular, 

measuring  11  mm.  vertically 
and  11 '9  mm.  transversely,  while 
its  posterior  surface  is  circular 
and  has  a  diameter  of  13  mm. 
Its  periphery  is  overlapped  by 
the  tissue  of  the  sclera  as  the 
glass  of  a  watch  is  overlapped 
by  the  metal  rim,  with,  however, 
this  essential  difference,  that  the 
tissue  of  the  cornea  is  directly 
continuous  with  that  of  the 
sclera. 

The  cornea  consists,  from 
before  backwards,  of  the  follow- 
ing strata,  viz,  (Fig.  559) : — 

1.  A  layer  of  stratified  epi- 
thelium. 

2.  An  anterior  elastic  lamina. 

3.  The  substantia  propria. 
4  A  posterior  elastic  lamina. 
5.  A  layer  of  endothelium. 

 -eLastic  lamina 

^■^^^j^Lk^si^j-si^K^x^^^^j^^j^sj^^  — Endothelium        1.  The  layer  of  stratified  epi- 

FiG.  559.— Vertical  Section  op  Cornea  (magnified).  thelium  (epithelium  COrne£e)_  is 

continuous  with  that  which 
covers  the  free  surface  of  the  conjunctiva  and  consists  of  six  or  eight  strata 
of  nucleated  cells.  Deepest  of  all  is  a  single  layer  of  perpendicularly  arranged 
columnar  cells,  the  fiattened  and  often-expanded  bases  of  which  rest  on  the  anterior 
elastic  lamina,  while  their  opposite  ends  are  rounded  and  contain  the  nuclei. 
Superficial  to  this  layer  are  three  or  four  strata  of  nucleated,  polygonal  cells,  the 
majority  of  which  exhibit  finger-like  processes  which  join  with  the  corresponding 
processes  of  neighbouring  cells.  The  more  superficial  layers  assume  the  form  of 
nucleated  squames.  The  entire  thickness  of  this  stratified  epithelium  is  about  45  yu, 
at  the  centre  and  about  80  /x  at  the  periphery  of  the  cornea. 

2.  The  anterior  elastic  lamina  (lamina  elastica  anterior,  Bowmani)  is  from 
19-20  fx  thick,  and  may  be  regarded  merely  as  a  differentiation  of  the  outer  part  of 
the  substantia  propria  from  which  it  is  with  difficulty  separated.  It  is  not  stained 
yellow  by  picrocarmine,  thus  differing  from  true  elastic  tissue,  and  its  degree  of 
development  varies  in  different  animals. 

3.  The  substantia  propria  presents,  in  a  fresh  condition,  a  homogeneous  appear- 
ance ;  but,  with  the  assistance  of  reagents,  it  is  seen  to  consist  of  modified  con- 
nective tissue,  with  some  few  elastic  fibres.  An  amorphous  interstitial  substance 
binds  the  fibres  into  bundles,  and,  in  turn,  cements  the  bundles  into  lamellae,  which 
are  directly  continuous  with  the  fibrous  tissue  of  the  sclera.  The  fibres  of  any 
one  lamella  cross  those  of  adjacent  lamellae  almost  at  right  angles,  while  the 
superimposed  lamellae  are  joined  by  sutural  fibres  and  by  amorphous  substance. 
Between  the  lamellae  are  found  the  cell  spaces  or  lacunae  of  the  cornea — irregu- 
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larly  stellate  in  shape,  and  communicating  freely  with  each  other  by  means  of  fine 
canaliciili.  The  corneal  cells  or  corpuscles  are  contained  in  these  lacunae,  without, 
however,  completely  filling  them,  the  remainder  of  the  cavities  being  occupied  by 
lymph.  These  cells  are  nucleated,  flattened,  and  star-like,  and  their  branched  pro- 
cesses join  those  of  neighbouring  cells  in  the  canaliculi.  Migratory  or  lymph  cells 
are  also  found  in  cell  spaces. 

In  old  age  a  grayisli  opaque  ring,  li  to  2  mm.  in  breadth,  is  frequently  seen  near  the  peri- 
phery of  the  cornea  ;  it  is  termed  the  arcus  senilis,  and  results  from  a  deposit  of  fat  granules  in 
the  lamellae  and  corneal  corpuscles. 

4.  The  posterior  elastic  lamina  (lamina  elastica  posterior,  Demoursi,  Descemeti) 
is  a  clear,  structureless  membrane,  covering  the  posterior  aspect  of  the  substantia 
propria  and  possessing  a  thickness  of  6-8  fj.  at  the  centre  and  10-12  /x  at  the  peri- 
phery of  the  cornea.  Less  firmly  attached  than  the  anterior  elastic  lamina,  it  may 
be  stripped  off,  when  it  will  be  found  to  roll  up  with  its  attached  surface  inwards. 
Between  the  ages  of  twenty  and  thirty  small  wart-like  projections  appear  on  its  deep 
surface,  near  its  periphery,  and  these  increase  in  size  and  number  as  years  advance, 
so  that  in  old  age  the  membrane  may  attain  a  thickness  of  20  /x.  Towards  the 
periphery  of  the  cornea  the  lamina  divides  into  three  sets  of  fibres — anterior, 
middle,  and  posterior.  The  anterior  fibres  pass  behind  the  canal  of  Schlemm  into 
the  sclera,  the  middle  give  attachment  to  the  ciliary  muscle,  while  tlie  posterior  are 
continued  as  radiating  and  anastomosing  fibres  into  the  substance  of  the  iris,  and 
constitute  the  ligamentum  pectinatum  iridis.  A  number  of  irregular  spaces,  the 
spaces  of  Fontana,  or  spatia  anguli  iridis,  exist  between  the  fibres  of  this  pectinate 
ligament.  Better  developed  in  the  horse  and  ox  than  in  man,  these  spaces  are 
lined  by  a  prolongation  of  the  corneal  endothelium,  and  communicate  internally 
with  the  anterior  chamber  and  the  lymph  spaces  of  the  iris,  and  externally  with 
the  canal  of  Schlemm. 

5.  The  layer  of  endothelium  (endothelium  camerae  anterioris)  consists  of  a  single 
stratum  of  nucleated,  flattened,  polygonal  cells,  which  present  a  fibrillar  structure 
and  are  continued  as  a  lining  to  the  spaces  of  Fontana  ;  this  layer  of  endothelium 
is  also  reflected  on  to  the  anterior  surface  of  the  iris. 

Vascular  and  Nervous  Supply  of  the  Cornea. — In  the  foetus  the  cornea  is  traversed,  almost 
as  far  as  its  centre,  by  capillaries  ;  but  in  the  adult  it  is  devoid  of  blood-vessels,  except  near  its 
margin.  The  capillaries  of  the  conjunctiva  and  sclera  pass  into  this  marginal  area  for  a  distance 
of  about  1  mm.,  where  they  terminate  in  looj^s.  All  the  remainder  of  the  cornea  is  nourished  by 
the  lymph  whicli  circulates  in  its  cell  sj)aces  and  canaliculi. 

The  nerves  of  the  cornea,  discovered  by  Schlemm,  are  derived  from  the  ciliary  nerves. 
Around  its  periphery  they  form  a  plexus,  the  plexus  annularis,  from  which  fibres  pass  into  the 
cornea,  where,  after  a  dist  amie  of  1  or  2  mm.,  they  lose  their  medullary  sheaths  and  ramify  in  the 
substantia  proj^ria,  forming  what  is  termed  the  fundamental  or  stroma  plexus.  Perforating  fibres 
(fibrce  perforantes)  extend  from  this  plexus  through  the  anterior  elastic  lamina  and  form  a  sub- 
epithelial plexus,  from  which  fine  filaments  ramify  between  the  epithelial  cells  as  far  as  the  super- 
ficial layers.  From  the  an- 
nular and  stroma  j)lexuses 
fibrils  pass  to  the  substantia 
propria  and  come  into  close 
relation  with  the  corneal 
corpuscles. 

VASCULAR    AND  PIG- 
MENTED TUNIC. 

The  middle,  vascular, 
and  pigmented  tunic 
(tunica  vasculosa  oculi) 
comprises,  from  behind 
forwards,  the  chorioid, 
the  ciliary  body,  and  the 
iris  (Fig.  558). 

The  chorioid  (chorioidea)  intervenes  between  the  sclera  and  the  retina,  reaching 
as  far  forwards  as  the  ora  serrata  of  the  latter  (p.  731).  Dark  brown  or  black  in 
colour,  it  is  pierced  posteriorly  by  the  optic  nerve,  and  is  here  firmly  attached 
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to  the  sclera.  Thicker  behind  than  in  front,  its  outer  surface  is  flocculent  and 
is  connected  to  the  sclera  by  the  ciliary  vessels  and  nerves,  and  by  the  loose  lamina 
fusca.  Its  inner  surface  is  smooth  and  adheres  to  the  outermost  or  pigmented 
layer  of  the  retina. 

The  chorioid  consists  of  blood-vessels  and  branched  pigment  cells  embedded  in 
a  loose  connective  tissue,  and  presents  from  without  inwards  three  layers,  viz. : 
(a)  the  lamina  suprachorioidea ;  (5)  the  proper  tissue  of  the  chorioid ;  and  (c)  a 
thin  transparent  membrane,  the  lamina  basalis  or  membrane  of  Bruch  (Fig.  560). 

1.  The  lamina  supra-chorioidea  resembles  the  lamina  fusca  of  the  sclera,  and 
consists  of  a  series  of  fine  non-vascular  lamellae,  each  containing  a  delicate  network 

of  elastic  fibres, 
amongst  which  are 
stellate,  pigmented 
cells,  together  with 
amoeboid  cells.  The 
spaces  between  the 
laminae  are  lined  with 
endothelium,  and  to- 
gether form  the 
spatium  perichorio- 
ideale,  already  referred 
to  (p.  725). 

The  proper  tissue  of 
the  chorioid  consists  of 
blood-vessels  and 
numerous  pigmented 
cells,  supported  by 
connective  tissue  and 
elastic  fibres,  together 
with  some  smooth 
muscular  fibres.  Its 
outer  part  contains  the 
larger  blood  -  vessels, 
and  is  named  the 
lamina  vasculosa,  while 
its  inner  portion  is 
composed  of  a  network 
of  fine  capillaries, 
and  is  termed  the 
lamina  choriocapillaris ; 
these  two  laminae  are 
joined  by  a  thin  inter- 
mediate stratum.  The 
arteries  of  the  chorioid 
are  derived  from  the 
short  posterior  ciliary 
vessels,  which  pierce 
the  sclera  around  the 
optic  entrance  and  form  a  wide -meshed  plexus  in  the  lamina  vasculosa.  Their 
circular  muscular  coat  is  well  developed,  and  longitudinal  muscular  fibres  are  also 
present  in  the  larger  branches.  The  veins,  destitute  of  muscular  tissue,  are  super- 
ficial to  the  arteries;  they  are  surrounded  by  peri -vascular  lymphatic  sheaths 
and  converge  to  form  whorls,  which  open  into  the  venae  vorticosae.  In  the 
tissue  between  the  blood-vessels  are  numerous  stellate,  flattened,  and  pigmented 
cells. 

The  lamina  chorio-capillaris,  or  membrane  of  Euysch,  is  composed  essentially  of 
small  capillaries,  which  form  an  ex(^eedingly  close  network,  embedded  in  a  finely 
granular  or  almost  homogeneous  tissue.  The  intermediate  stratum  between  the 
malina  vasculosa  and  lamina  chorio-capillaris  consists  of  a  network  of  delicate 
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elastic  fibres  and  contains  almost  no  pigment  cells ;  it  is  lined  next  the  lamina 
chorio-capillaris  by  a  continuous  layer  of  endothelium. 

The  lamina  basalts,  or  membrane  of  Bruch,  is  transparent  and  nearly  structure- 
less. Its  outer  surface  presents  a  trellis-like  network  of  fibres  which  unite  it  to 
the  membrane  of  Ruysch,  while  its  inner  surface  is  smooth  and  is  in  contact  with 
the  pigmented  layer  of  the  retina. 

Tapetum. — In  many  animals  a  brilliant  iridescent  appearance  is  seen  on  the  postero-external 
part  of  the  cliorioid  to  which  the  name  tapetum  is  applied.  Absent  in  man,  it  may  be  due,  as 
in  the  horse,  to  a  markedly  fibrous  condition  of  the  stratum  intermedium  (tajoetum  fibrosum),  or 
as  in  the  seal,  to  the  presence  of  some  five  or  six  layers  of  fiattened  iridescent  cells  lying  imme- 
diately outside  tlie  lamina  cliorio-cai^illaris  (tapetum  cellulosum). 

The  ciliary  body  (corpus  ciliare)  connects  the  chorioid  to  the  circumference  of 
the  iris  (Fig.  562),  and 
presents  the  following 
three  zones,  viz. :  (a)  the 
orbiculus  ciliaris,  (h)  the 
ciliary  processes,  and  (c) 
the  ciliary  muscle. 

The  orbiculus  ciliaris 
forms  a  zone  of  about 
4  mm.  in  width  im- 
mediately adjoining  the 
chorioid,  and  exhibits 
numerous  radially- 
arranged  ridges. 

The  ciliary  processes 
(processus  ciliares),  about 
seventy  in  number,  form 
a  circle  of  radial  thicken- 
ings, each  of  a  somewhat 
triangular  shape.  The 
base  of  the  triangle  is  di- 
rected forwards  towards 
the  equator  of  the  lens, 
while  the  apex  is  con- 
tinuous behind  with  some 
three  or  four  ridges  of  the 
orbiculus  ciliaris.  They 
vary  in  size,  the  largest 
having  a  length  of 
2-5  mm.  The  structure  of 
the  orbiculus  ciliaris  and 
ciliary  processes  is  similar 
to  that  of  the  chorioid, 
but  the  capillaries  are 
larger  and  more  tortuous, 
and  there  is  no  lamina 

chorio-capillaris.  The  deep  aspect  of  the  ciliary  processes  is  covered  by  two  strata 
of  columnar  epithelium,  the  anterior  layer  of  which  is  pigmented ;  these  two  strata 
form  a  direct  continuation  forwards  of  the  retina  and  constitute  the  pars  ciliaris 
retinae.  This  epithelium  is  invaginated  to  form  more  or  less  tubular  glands,  which 
may  take  a  share  in  tlie  secretion  of  the  aqueous  humour. 

The  ciliary  muscle  (m.  ciliaris)  is  triangular  on  antero- posterior  section,  and 
consists  of  two  sets  of  fibres — radial  and  circular  (Fig.  562).  The  radial  fibres 
(fibrse  meridionales,  Brlickei)  spring  from  the  corneo-scleral  junction  behind  the 
canal  of  Schlemm  and  from  the  ligamentum  pectinatum  iridis,  and  radiate  back- 
wards, to  be  attached  to  the  ciliary  processes  and  orbiculus  ciliaris.  "When  they 
contract  the  chorioid  is  drawn  forwards  and  the  lens  becomes  more  conA^ex,  owing 
to  the  relaxation  of  its  suspensory  ligament  (see  p.  736).    The  circular  fibres  (fibrse 
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Fig.  562. — Section  through  Ciliary  Region  of  Eyeball. 
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circulares,  Mlilleri)  form  a  triangular  zone  behind  the  ligamentum  pectinatum 
iridis,  close  to  the  periphery  of  the  iris,  and  also  extend  backwards  under  the  radial 
fibres.  Considerable  individual  differences  are  found  as  to  the  degree  of  develop- 
ment of  these  two  portions  of  the  ciliary  muscle.  The  radial  fibres  are  always  more 
numerous  than  the  circular  fibres,  the  latter  being  absent  or  rudimentary  in  myopic 
eyes,  but  well  developed,  as  a  rule,  in  hypermetropic  eyes. 

The  iris  forms  a  contractile  diaphragm  in  front  of  the  lens,  and  is  pierced  a 
little  to  the  nasal  side  of  its  centre  by  an  almost  circular  aperture,  the  pupil 
(pupilla),  which,  during  life,  is  continually  varying  in  size  in  order  to  regulate 
the  amount  of  light  admitted  into  the  interior  of  the  globe.  It  divides  the  space 
between  the  cornea  and  lens  into  two  parts,  which  are  filled  by  the  aqueous  humour, 
and  named  respectively  the  anterior  and  posterior  chambers  of  the  eyeball.  Its 
peripheral  border,  or  margo  ciliaris,  is  directly  continuous  with  the  ciliary  body,  and, 
through  the  medium  of  the  ligamentum  pectinatum  iridis,  with  the  posterior  elastic 
lamina  of  the  cornea.  Its  free  edge,  or  margo  pupillaris,  forms  the  circumference  of 
the  pupil,  and  rests  upon,  but  is  not  attached  to  the  anterior  surface  of  the  capsule 
of  the  lens. 

The  distinctive  colour  of  the  eye,  in  different  individuals,  depends  on  the  arrangement 
of  the  pigment  in  the  iris;  in  the  blue  eye  this  is  limited  to  the  posterior  surface  of  the 
iris,  but  in  the  brown  or  black  eye  it  is  also  scattered  throughout  its  stroma.  In  the  albino 
the  pigment  is  entirely  absent,  and  the  red  appearance  of  the  eye  in  such  a  case  is  pro- 
duced by  the  network  of  blood-vessels  in  the  iris. 

The  pupil  is  closed,  during  the  greater  part  of  foetal  life,  by  a  thin  transparent 
vascular  membrane,  the  membrana  pupillaris,  continuous  with  the  pupillary  margin  of 
the  iris.  Its  vessels,  derived  partly  from  the  vessels  of  the  iris  and  partly  from  those  of 
the  capsule  of  the  lens,  converge  towards  the  middle  of  the  membrane,  near  which  they 
form  loops  so  as  to  leave  the  central  part  non-vascular.  About  the  seventh  month  the 
vessels  begin  to  be  obliterated  from  the  centre  towards  the  circumference,  and  this  is 
followed  by  a  thinning  and  absorption  of  the  membrane,  which  becomes  perforated  by  the 
aperture  of  the  pupil.  This  perforation  gradually  enlarges,  and  at  birth  the  membrane 
has  entirely  disappeared,  although  in  exceptional  cases  it  persists. 

On  the  anterior  surface  (facies  anterior)  of  the  iris  is  a  layer  of  flattened 

endothelium,  placed  on  a 
basement  membrane,  and 
continuous  with  that  which 
lines  the  spaces  of  Fontana 
and  covers  the  back  of  the 
cornea.  Depressions  or  crypts 
are  here  and  there  seen  in 
which  the  endothelium  and 
basement  membrane  are  ab- 
sent, and  are,  by  some,  re- 
garded as  stomata,  through 
which  the  lymphatics  of  the 
iris  communicate  with  the 
cavity  of  the  anterior  cham- 
ber. Its  posterior  surface 
(facies  posterior)  is  covered 
by  a  basement  membrane,  on 
which  are  placed  two  layers 
of  columnar,  pigmented  epi- 
thelium, continuous  with  the 
pars  ciliaris  retinte  and 
termed  the  pars  iridica  retinae. 
The  proper  tissue  of  the  iris, 
or  stroma  iridis,  consists  of 
delicate  connective  tissue  and  elastic  fibres,  with  pigmented  cells,  blood-vessels, 
nerves,  and  non-striped  muscle. 

The  blood-vessels  of  the  iris  (Fig.  563)  are  derived  from  the  long  and  anterior 
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ciliary  arteries.  The  long  ciliary  arteries,  two  in  number,  pierce  the  sclera  on  the 
inner  and  outer  side  of  the  optic  nerve  respectively,  and  extend  forwards  between 
the  sclera  and  chorioid  towards  the  ciliary  margin  of  the  iris.  Here  each  divides 
into  an  upper  and  a  lower  branch,  and  the  resulting  four  branches  anastomose  in 
the  form  of  a  circle,  termed  the  circulus  arteriosus  major.  This  circle  is  joined  by  a 
varying  number  of  anterior  ciliary  arteries  derived  from  the  lachrymal  and 
muscular  branches  of  the  ophthalmic  artery,  and,  after  supplying  the  ciliary 
muscle,  sends  converging  branches  inwards  towards  the  aperture  of  the  pupil, 
around  which  a  second  circle,  the  circulus  arteriosus  minor,  is  formed.  The  veins 
proceed  towards  its  ciliary  margin,  and  communicate  with  the  veins  of  the  ciliary 
processes  and  with  the  canal  of  Schlemm.  The  convergence  of  the  blood-vessels 
towards  the  aperture  of  the  pupil  gives  to  the  anterior  surface  of  the  iris  a  striated 
appearance. 

The  non-striped  muscular  fibres  are  arranged  in  two  sets :  (a)  circular,  (h)  radial. 
The  circular  fibres  form  a  band  around  the  pupillary  aperture,  by  the  contraction  of 
which  its  size  is  lessened,  and  hence  it  is  termed  the  m.  sphincter  pupillae.  The 
radial  fibres  extend  outwards  from  the  sphincter  to  the  ciliary  margin  and  constitute 
the  m.  dilatator  pupillse.  Many  anatomists  regard  the  radial  fibres,  in  man  and 
most  mammals,  as  being  elastic  and  not  muscular.  In  animals,  where  the  radial 
fibres  are  muscular,  the  degree  of  their  development  varies  considerably ;  they  are 
feebly  marked  in  the  rabbit,  but  well  developed  in  the  bird,  and  still  more  so  in  the 
otter. 

The  nerves  of  the  chorioid  and  iris  are  derived  from  the  long  and  short 
ciliary  nerves.  The  former,  two  or  three  in  number,  are  branches  of  the  nasal 
nerve ;  the  latter,  varying  from  eight  to  fourteen,  are  derived  from  the  ciliary 
ganglion.  Piercing  the  sclera  around  the  optic  entrance  the  nerves  traverse  the 
perichorioidal  lymph  space,  where  they  form  a  plexus,  rich  in  nerve-cells,  from  which 
filaments  are  supplied  to  the  blood-vessels  of  the  chorioid.  In  front  of  the  ciliary 
muscle  a  second  plexus,  also  rich  in  nerve-cells,  is  formed,  which  supplies  the  muscle 
itself,  and  sends  filaments  into  the  iris  as  far  as  its  pupillary  margin,  for  the  supply 
of  its  muscular  fibres  and  blood-vessels.  The  sphincter  pupilla3  is  supplied  by  the 
third  cranial  nerve,  whilst  filaments  from  the  sympathetic  are  distributed  to  the 
dilatator  pupillse. 

THE  RETINA. 

The  retina,  or  nervous  tunic  of  the  eyeball,  is  a  soft,  delicate  membrane,  in  which 
the  fibres  of  the  optic  nerve  are  spread  out.  It  consists  of  two  strata,  viz. :  (a)  an 
outer,  pigmented  layer  (stratum  pigmenti),  attached  to  the  chorioid ;  and  (6)  an 
inner  nervous  lamina,  the  retina  proper,  in  contact  with  the  hyaloid  membrane  of 
the  vitreous  body,  but  only  attached  to  it  at  the  optic  entrance  and  in  the  region 
of  the  ciliary  processes.  Expanding  irom  the  entrance  of  the  optic  nerve  the 
retina  appears  to  end,  a  short  distance  behind  the  ciliary  body,  in  a  wavy  border, 
the  ora  serrata.  Here  its  nervous  elements  cease  and  the  membrane  becomes 
suddenly  thinned,  but  a  delicate  continuation  of  it  is  prolonged  over  the  posterior 
aspect  of  the  ciliary  body  and  iris.  This  continuation  consists  of  the  stratum  pig- 
menti, together  with  a  layer  of  columnar  epithelium,  and  constitutes  the  pars  ciliaris 
retinse  and  pars  iridica  retinse  already  referred  to  (pp.  729  and  730).  The  portion 
behind  the  ora  serrata  is  termed  the  "  physiological  retina,"  or  pars  optica  retinse, 
and  its  thickness  gradually  diminishes  from  0*4  mm.,  near  the  optic  entrance,  to 
0"1  mm.  at  the  ora  serrata.  Viewed  from  the  front  it  presents,  at  the  posterior 
pole  of  the  eyeball,  and  therefore  directly  in  the  axis  of  the  globe,  a  small  yellowish 
spot,  the  macula  lutea.  Somewhat  oval  in  shape,  the  greatest  or  transverse 
diameter  of  the  macula  measures  from  2-3  mm. ;  its  central  part  is  depressed  and 
named  the  fovea  centralis.  About  3  mm.  to  the  nasal  side  of  the  posterior  pole 
and  about  1  mm.  below  its  level  is  a  whitish,  circular  disc,  the  optic  disc,  or  poras 
opticus,  which  corresponds  with  the  entrance  of  the  optic  nerve  and  has  a  diameter 
of  about  1'5  mm.  The  circumference  of  the  optic  disc  is  slightly  raised  and  is 
named  the  colliculus  nervi  optici,  while  its  depressed  central  portion  is  termed  the 
optic  cup,  or  excavatio  papilla3  nervi  optici.    The  optic  disc  consists  merely  of  nerve- 
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fibres,  the  other  layers  of  the  retina  being  absent,  and  constitutes  the  "  blind  spot " 
of  physiologists. 

The  nervous  layer  of  the  retina  is  transparent  during  life,  but  becomes  opaque 
and  of  a  grayish  colour  soon  after  death.  If  an  animal  be  kept  in  the  dark  before 
the  removal  of  its  eyeball,  the  retina  presents  a  purple  tinge,  due  to  the  presence  of 
a  colouring  matter  named  rhodopsin  or  visual  purple,  which,  however,  becomes 
rapidly  bleached  on  exposure  to  sunlight.  This  colouring  matter  is  absent  from 
the  macula  lutea,  and  also  over  a  narrow  zone,  3-4  mm.  in  width,  near  the  ora 
serrata. 

Structure  of  the  Retina  (Figs.  564,  565,  566).— The  nervous  elements  of  the 
retina  are  supported  by  non-nervous  or  sustentacular  fibres,  and  are  arranged  in  seven 
layers,  to  which  must  be  added  the  stratum  pigmenti. 

Our  conception  of  the  minute  structure  of  the  retina,  as  of  all  nervous  tissues,  has  of 
late  years  been  greatly  advanced  by  the  discoveries  of  Ramon  y  Cajal,  on  whose  observa- 
tions the  following  description  is  based  (Fig.  565)  : — - 

The  layers  from  within  outwards,  i.e.  from  vitreous  body  to  chorioid,  are  : 
1.  Layer  of  nerve-fibres  (stratum  opticum). 
Layer  of  nerve-cells  (ganglionic  layer). 
Inner  molecular  or  inner  plexiform  layer. 
Inner  nuclear  layer  or  layer  of  inner  granules. 
Outer  molecular  or  outer  plexiform  layer. 
Outer  nuclear  layer  or  layer  of  outer  granules. 
Layer  of  rods  and  cones  (bacillary  layer). 
Layer  of  pigmented  epithelium  (stratum  pigmenti). 
1.  Layer  of  nerve-fibres  or  stratum  opticum. — The  fibres  of  this  stratum  are 
nearly  all  centripetal,  and  are  mostly  continuations  of  the  non-medullated  axons  of  the 

cells  in  the  ganglionic  layer.  Some,  however,  are 
centrifugal  and  end  in  branched  clubbed  extremities 
in  the  inner  molecular  or  inner  nuclear  layers. 

2.  Ganglionic  or  nerve-cell  layer. — The  cells 
of  this  stratum  vary  in  size,  are  oval  or  pyriform  in 
shape,  and  form  a  single  layer,  except  at  the  macula 
lutea,  where  several  strata  are  present.  Each  cell 
contains  a  large  nucleus,  and  gives  ofi",  from  its 
inner  aspect,  an  axon  which  is  continued  as  a  fibre 
of  the  nerve-fibre  layer.  From  the  outer  surface 
of  each  cell  numerous  dendrites  arise,  which  form 
arborisations  in  the  inner  molecular  layer.  The  cells 
may  be  divided  into  unistratified,  multistratified,  and 
diffuse,  according  as  their  dendrites  ramify  in  one 
or  in  several  strata  of  the  inner  molecular  layer,  or 
extend  throughout  nearly  its  whole  thickness. 

3.  Inner  molecular  or  inner  plexiform  layer. 
— This  is  chiefly  constituted  by  the  interlacement  of 
the  dendritic  arborisations  of  the  cells  of  the  gan- 
glionic layer  with  those  of  the  inner  nuclear  layer, 
and  has  been  divided  by  Ramon  y  Cajal  into  five 
strata.  It  sometimes  contains  horizontal  cells  or 
spongioblasts,  whose  branched  processes  ramify  in  it. 

1  ®I  ^/  I'^JI?^  I  '  ^'  ^""^^  nuclear  layer  or  layer  of  inner 

-J  JK    a    ./  v..  yue))  ,  granules. — -This  is  the  most  complicated  of  the 

retinal  strata,  and  consists  of  numerous  cells  which 
may  be  divided  into  three  groups,  viz.  :  (a)  bipolar 
cells,  (Jj)  horizontal  cells,  and  (c)  spongioblasts, 
or  amacrine  cells. 

(a)  The  bipolar  cells,  by  far  the  most  numerous 
are  fusiform  and  nucleated,  and  each  gives  an  external  and  an  internal  process.  The 
internal  ])rocesses  terminate  in  flattened  tufts  at  different  levels  in  the  inner  molecular 
layer,  while  the  external  produce  an  abundant  ramification  in  the  external  zone  of  the 
outer  molecular  layer.  These  bipolar  cells  are  divided  into  rod  bipolars,  cone  bipolars, 
and  giant  bipolars.  The  rod  bipolars  end  peripherally  in  vertical  arborisations  around  the 
button-like  ends  or  spherules  of  the  rod  fibres,  and,  centrally,  in  branched  extremities 


Membrana  liimtans  interna 
Fig.  564, — Diagrammatic  Section  of  the 
Human  Retina  (modified  from  Scliultze). 
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which  mostly  become  applied  to  the  cells  of  the  ganglionic  layer.  The  cone  bipolars 
end  peripherally  in  flattened  arborisations  in  the  outer  molecular  layer  in  contact  with 


Fig.  565. — Perpendicular  Sections  of  Mammalian  Retina  (Cajal). 

A,  Layer  of  rods  and  cones  ;  B,  Onter  nuclear  layer  ;  C,  Outer  molecular  layer  ;  D,  Inner  nuclear  layer  ;  E, 
Inner  molecular  layer  ;  F,  Ganglionic  layer;  G-,  Stratum  opticiim  ;  ?■,  rods  ;  c,  cones,  r.g,  rod  granules  ; 
eg,  cone  granules  ;  r.h,  rod  bipolars  ;  c.&,  cone  bipolars  ;  c.r,  contact  of  rod  bipolars  with  the 
spherules  of  the  rod  fibres  ;  c.c,  contact  of  cone  bipolars  with  the  branches  of  the  cone  fibres  ;  ar, 
internal  arborisation  of  cone  bipolars  ;  a/,  internal  arborisation  of  rod  bipolars  ;  c.n,  centrifugal  nerve 
fibre  ;  h,  horizontal  cells  ;  s.s,  stratified  spongioblasts  ;  d.s,  diff'iise  spongioblasts  ;  s.g,  stratified 
gai]glion  cell  ;  M,  Sustentacular  fibre  of  Miiller, 

the  ramifications  of  the  foot-plates  of  the  cone  fibres,  and,  centrally,  ramify  in  some  one  of 
the  five  strata  of  the  inner  molecular  layer.    The  giant  bipolars  form,  peripherally,  an 
extensive  horizontally  arranged  arborisation  in  the  outer  mole- 
cular layer  ;  centrally,  they  ramify  in  one  or  other  of  the  strata 
of  the  inner  molecular  layer. 

{h)  The  horizontal  cells  are  of  two  varieties :  (1)  small, 
flattened,  star-like  cells,  lying  immediately  below  the  outer 
molecular  layer,  and  sending  a  tuft  of  dendrites  outwards 
towards  the  bases  of  the  cone  fibres,  while  their  axons  are 
directed  horizontally  for  a  variable  distance  ;  (2)  large,  irregular 
cells,  lying  internal  to  the  above  and  ending  in  finger-like 
ramifications  in  the  outer  molecular  layer.  Their  axons  run 
horizontally  for  some  distance,  and  end  in  extensive  varicose 
arborisations  under  the  spherules  of  the  rod  fibres. 

(c)  The  spongioblasts  are  situated  in  the  innermost  part 
of  the  inner  granular  layer  and  have  not  yet  been  shown  to 
possess  axons.  Their  dendrites  ramify  in  the  inner  molecular 
layer,  it  may  be  in  one  stratum  (stratified  spongioblasts)  or 
in  several  strata  (diffuse  spongioblasts). 

5.  Outer  molecular  or  outer  plexiform  layer. — 
This  is  constituted  by  the  interlacement  of  the  dendrites  of 
the  bipolar  and  horizontal  cells,  just  described,  with  the 
spherules  of  the  rod  fibres  and  the  ramifications  of  the  foot- 
plates of  the  cone  fibres.  It  is  divided  into  two  strata  :  {a) 
external.,  indicating  the  contact  of  the  rod  bipolars  with  the 
spherules  of  the  rod  fibres  ;  (6)  internal,  the  line  of  contact 
between  the  cone  bipolars  and  the  branches  of  the  cone  fibres. 

6.  Outer  nuclear  layer  or  layer  of  outer  granules. — 
This  is  made  up  of  clear  granules  somewhat  resembling  those 
of  the  inner  nuclear  layer,  and  are  divisible  into  two  kinds  :  (a) 
cone  granules,  {Ij)  rod  granules.  The  cone  granules  are  the 
larger,  and  each  contains  an  oval  nucleus  ;  they  lie  immediately 
inside  the  outer  limiting  membrane,  through  which  they  are 
continuous  with  the  cones  of  the  next  layer.  Each  is  prolonged 
internally  as  a  straight  fibre,  which,  on  reaching  the  outer  mole- 
cular layer,  expands  to  form  a  foot-plate,  from  which  several 
horizontal  fibrils  are  given  off.  The  rod  granules  are  far  more  numerous  than  the 
cone  granides,  and  each  contains  a  small  oval  nucleus,  which  is  transversely  striated. 


A,  A  cone  and  two  rods  from  the 
human  retina  (modified  from 
Max  Schultze)  ;  B,  Outer 
part  of  rod  separated  into 
discs. 
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Fig.  567. — Pigmented 
Epithelium  of  Hu- 
man Retina  (viewed 
from  the  surface). 

the 


Fig.  568.— Section  through  outer 
Layers  of  Retina  (semi-diagram- 
matic). 


Their  outer  processes  are  continuous,  through  the  outer  hmiting  membrane,  with  the 
rods  of  the  next  layer,  while  their  inner  processes  pass  into  the  outer  molecular  layer 
and  end  in  free,  unbranched  spherules  amongst  the  arborisations  of  the  rod  bipolars. 

7.  Layer  of  rods  and  cones. — This  consists  of  two  sets  of  structures,  viz.  rods 
and  cones.  Except  at  the  macula  lutea  the  rods  are  far  more  numerous  than  the  cones 
and  assume  the  form  of  elongated  cylinders,  while  the  cones  are  shorter  than  the  rods 
and  taper  externally  to  fine  points.    Each  rod  and  cone  consists  of  two  segments — inner 

and  outer.  The  inner  segment  of  the  rod  only  slightly  exceeds  in 
diameter  its  outer  segment,  whereas 
the  inner  segment  of  the  cone  greatly 
exceeds  its  outer  part.  The  inner 
segments  of  both  rods  and  cones  have 
an  affinity  for  staining  reagents,  and 
consist  of  a  basal  homogeneous  portion 
and  an  outer  longitudinally  striated 
part,  the  proportion  of  the  latter  to 
the  former  being  greater  in  the  cones 
than  in  the  rods.  The  outer  seg- 
ments have  not  the  same  affinity  for 
reagents,  but  tend  to  break  trans- 
versely into  numerous  discs  (Fig.  566, 
B).  The  colouring  matter,  rhodopsin, 
already  referred  to,  is  found  only  in 
outer  segments  of  the  rods,  the  terminal  parts  of 
which  extend  into  the  layer  of  pigmented  epithelium. 

8.  Layer  of  pigmented  epithelium  (stratum  pigmenti). — This  consists  of  a  single 
stratum  of  cells  which,  on  surface  view,  are  hexagonal  (Fig.  567),  their  outer  flattened 
surfaces  being  firmly  attached  to  the  chorioid.  When  seen  in  profile  the  outer  part  of 
each  cell  contains  a  large  oval  nucleus  and  is  devoid  of  pigment,  while  the  inner  portion 
is  filled  with  pigment  and  extends  as  a  series  of  thread-like  processes  amongst  the  outer 
segments  of  the  rods  and  cones.  When  the  eye  is  kept  in  the  dark  the  pigment 
accumulates  near  the  outer  part  of  the  cell,  but  when  exposed  to  light  it  streams  in 
between  the  rods  and  cones  (Fig.  568). 

It  will  be  seen  from  the  foregoing  description  that  there  is  no  direct  continuity 
between  the  nervous  elements  which  form  the  difterent  layers  of  the  retina.  In  the  inner 
molecular  layer  there  is  merely  an  interlacement  between  the  dendrites  of  the  ganglionic 
layer  and  the  arborisations  of  the  cells  of  the  inner  granular  layer,  and  a  similar  inter- 
lacement in  the  outer  molecular  layer  between  the  rod  and  cone  elements  and  the 
processes  of  the  outer  granules. 

Sustentacular  fibres  of  the  retina  (fibrae  Miilleri). — These  support  the  nervous 
structures  and  extend  from  within  outwards  through  the  thickness  of  the  retina  as  far  as 
the  bases  of  the  rods  and  cones  (Fig.  565,  M).  They  begin  at  the  inner  surface  of  the 
nerve-fibre  layer  in  single  or  forked  expanded  bases,  by  the  apposition  of  which  a  delicate 
membrane,  the  membrana  limitans  interna,  is  formed.  In  the  ganglionic  layer  they  give 
off  a  few  lateral  branches,  and,  on  passing  through  the  inner  nuclear  layer,  supply  lateral 
ramifications  amongst  the  inner  granules  for  their  support ;  in  this  part  of  each  fibre 
there  is  seen  an  oval  nucleus.  In  the  outer  nuclear  layer  they  break  up  into  a  network 
of  fibrils  which  surround  the  rod  and  cone  fibres,  and  end  externally  at  the  bases  of  the 
rods  and  cones  in  a  delicate  membrane,  the  membrana  limitans  externa. 

Structure  of  the  macula  lutea  and  fovea  centralis.  —  The  yellow  colour 
of  the  macula  is  due  to  the  presence  of  pigment  in  the  inner  layers  of  the  retina.  At  the 
circumference  of  the  macula  the  nerve-fibre  layer  is  greatly  thinned  and  the  rods  are  few 
in  number;  the  ganglionic  layer,  on  the  other  hand,  is  thickened  and  may  contain 
from  seven  to  nine  strata  of  cells,  while  the  outer  granular  layer  is  also  thicker  and  its 
bipolar  cells  have  an  oblique  direction.  At  the  fovea  centralis  the  retina  is  much  thinned, 
since  here  its  nerve-fibre  and  ganglionic  layers  are  absent  and  its  other  strata  greatl}^ 
attenuated.  The  stratum  pigmenti,  on  the  other  hand,  is  thicker  and  its  pigmentation 
more  pronounced.  The  cone  nuclei  are  situated  some  distance  internal  to  the  outer 
limiting  membrane,  and  thus  the  thin  inner  and  outer  granular  layers  are  in  apposition. 
There  are  no  rods,  and  the  cones,  closely  crowded  together,  are  narrower  and  their 
outer  segments  more  elongated  than  elsewhere,  so  that  the  line  of  their  bases,  indicated 
by  the  membrana  limitans  externa,  presents  a  convexity  directed  forwards.  The  fovea 
centralis  and  macula  lutea  are  spoken  of  by  the  physiologist  as  the  "region  of  distinct  vision." 
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Structure  of  the  ora  serrata. — Here  the  nervous  layers  of  the  retina  suddenly 
cease  ;  the  layer  of  rods  and  cones  first  failing,  to  be  immediately  followed  by  the  disappear- 
ance of  the  other  nervous  strata.  In  front  of  the  ora  serrata  the  retina  is  prolonged  over  the 
ciliary  processes  in  the  form  of  two  layers  of  cells  :  (a)  an  inner  layer  of  columnar  epithelium, 
and  (b)  an  outer,  consisting  of  the  stratum  pigment!,  the  two  forming  the  pars  ciliaris 
retina3.  The  same  two  layers  are  prolonged  over  the  back  of  the  iris,  where  both  are 
pigmented  and  form  the  pars  iridica  retinae. 

Vessels  of  the  retina  (Fig.  569).— The  retina  is  supplied  by  the  arteria  centralis 
retinae,  a  branch  of  the  ophthalmic  artery,  which  pierces  the  sheath  of  the  optic  nerve  about 
three-quarters  of  an  inch  behind  the  eyeball,  and  makes  its  appearance  in  the  centre  of  the 
optic  disc.  Here  it  divides  into  an  upper  and  a  lower  branch,  and  each  of  these  again  bifur- 
cates into  an  internal  or  nasal,  and  an  external  or  temporal,  branch.  The  resulting  four 
branches  ramify  towards  the  periphery  of  the  retina,  and  are  named  the  superior  and 
inferior  temporal  and  the  superior  and  inferior  nasal  arteries.  The  temporal  arteries 
pass  outwards  above  and  below  the  macula  lutea,  to  which  they  give  small  branches ; 


Upper 


Lower 


temporal  branch 
mcl  lower  macular 
lutea 

;emporal  branch 


Fig.  569. — Blood-vessels  of  the  Retina. 


these  do  not,  however,  extend  as  far  as  the  fovea  centralis,  which  is  devoid  of  blood-vessels. 
The  macula  also  receives  two  small  arteries  (superior  and  inferior  macular)  directly  from 
the  porus  opticus.  The  larger  vessels  run  in  the  nerve-fibre  layer  near  the  membrana 
limitans  interna  and  form  two  capillary  networks — an  inner,  in  the  nerve-fibre  layer,  and 
an  outer,  in  the  inner  nuclear  layer.  The  inner  network  arises  directly  from  the  arteries 
and  sends  numerous  small  branches  to  the  outer  network,  from  which  the  veins  take 
origin.  The  vessels  do  not  penetrate  deeper  than  the  inner  granular  layer,  nor  do  the 
arteries  anastomose  except  through  the  capillary  plexuses.  The  veins  follow  the  course  of 
the  arteries  ;  they  have  no  muscular  coats,  but  consist  merel}^  of  a  layer  of  endothelial  cells, 
outside  which  is  a  perivascular  lymphatic  sheath,  surrounded  by  delicate  retiform  tissue. 
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The  vitreous  body  (corpus  vitreum)  is  a  transparent,  jelly-like  substance  situated 
between  the  crystalline  lens  and  the  retina,  and  occupying  the  posterior  four-fifths 
of  the  globe  (Fig.  558).  In  front  it  presents  a  deep  concavity,  the  fossa  patellaris,  for 
the  reception  of  the  posterior  convexity  of  the  lens.  It  is  enclosed  within  a  thin 
transparent  membrane,  the  membrana  hyaloidea,  which  is  in  contact  with  the 
membrana  limitans  interna  of  the  retina  and  adherent  to  it  at  the  optic  entrance. 
The  portion  of  the  membrana  hyaloidea  in  front  of  the  ora  serrata  is  thickened 
and  strengthened  by  radial  fibres,  and  is  termed  the  zonule  of  Zinn,  or  zonula  ciliaris. 
Situated  behind  the  ciliary  body  the  zonula  is  radially  folded  and  presents  a  series 
of  alternating  furrows  and  elevations.  The  ciliary  processes  are  received  into,  and 
are  firmly  adherent  to,  the  furrows,  with  the  result  that,  if  removed,  some  of  their 
pjigment  remains  attached  to  the  zonula.  The  elevations  of  the  zonula  are  not 
attached  to  the  interciliary  depiressions,  but  are  separated  by  a  series  of  lymph 
spaces  (recessus  camerse  posterioris) ;  these  may  be  regarded  as  diverticula  of  the 
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Fig.  570. — Canal  of  Petit  distended 
AND  viewed  from  THE  FRONT  (enlarged). 


posterior  chamber  with  which  they  communicate.  As  the  zonula  approaches  the 
equator  of  the  lens  it  splits  into  two  chief  layers,  viz. :  (a)  a  thin  posterior  lamina, 
which  covers  that  portion  of  the  membrana  hyaloidea  which  lines  the  fossa  patellaris; 
and  (5)  a  thicker  anterior  layer,  termed  the  suspensory  ligament  of  the  lens  (Fig. 
658),  which  blends  with  the  front  of  the  lens  capsule  a  short  distance  from  its 
equator.  Scattered  fibres  of  this  ligament  are  also  attached  to  the  equator  itself 
and  to  the  regions  immediately  anterior  and  posterior  to  it.  By  this  suspensory 
ligament  the  lens  is  retained  in  position,  and  its  convexity  varies  inversely  with 
the  degree  of  tension  of  the  ligament.  The  radial  fibres  of  the  ciliary  muscle,  by 
pulling  forward  the  ciliary  processes  and  the  attached  zonule  of  Zinn,  relax  the 
ligament,  and  thus  allow  the  lens  to  become  more  convex.  Behind  the  suspensory 
ligament  a  sacculated  lymph  space  surrounds  the  equator  of  the  lens ;  it  is  named 
the  canal  of  Petit,  and  may  easily  be  inflated  on  introducing  a  fine  blow-pipe 
through  the  suspensory  ligament  (Fig.  570).    In  the  fcetus  a  blood-vessel,  termed 

the  arteria  hyaloidea,  is  continued  from  the  arteria 
centralis  retinae  forwards  through  the  vitreous 
body  for  the  supply  of  the  capsule  of  the  lens. 
Its  position,  in  the  adult,  is  represented  by  a  lymph 
channel,  termed  the  canalis  hyaloideus  of  Stilling 
(Fig.  558),  the  presence  of  which  may  be  de- 
monstrated by  shaking  up  the  vitreous  body  in  a 
solution  of  picrocarmine,  when  some  of  the  pig- 
ment may  be  seen  to  extend  along  the  canal 
(Anderson  Stuart). 

When  the  vitreous  body  is  treated  by  a  weak 
solution  of  chromic  acid  it  presents  a  series  of 
concentric,  peripherally  arranged  strise,  together 
with  numerous  radial  striae  converging  towards 
its  centre.  Between  these  the  more  fluid  part  lies,  and  it  frequently  contains 
vacuolated  amoeboid  cells  scattered  through  it.  The  vitreous  body  consists  of  98*4 
per  cent  of  water,  having  in  solution  about  1-4  per  cent  of  sodium  chloride  and 
traces  of  extractives  and  albumen. 

The  crystalline  lens  (lens  crystallina)  lies  in  front  of  the  vitreous  body  and 
behind  the  iris,  and  is  a  biconvex,  transparent  body  (Fig.  558).  It  is  enclosed  in 
a  thin,  transparent,  homogeneous  capsule,  the  capsule  of  the  lens  (capsula  lentis). 
The  central  points  of  its  anterior  and  posterior  surfaces  are  termed  respectively  its 
anterior  and  posterior  poles,  a  line  joining  which  is  known  as  its  axis  (axis  lentis) ; 
its  peripheral  circumference  is  named  the  equator  (aequator  lentis).  Its  axial 
measurement  is  4  mm.,  and  its  transverse 
diameter  from  9-10  mm.  Its  anterior  surface 
(facies  anterior  lentis)  is  less  curved  than 
the  posterior,  and  its  central  part  corresponds 
with  the  aperture  of  the  pupil  and  is  directed 
towards  the  anterior  chamber.  Around  the 
aperture  of  the  pupil  the  pupillary  margin 
of  the  iris  rests  upon  the  lens,  but  its  peri- 
pheral part  is  separated  from  it  by  the 
aqueous  humour  of  the  posterior  chamber. 
Its  posterior  surface  (facies  posterior  lentis), 
more  convex  than  the  anterior,  occupies  the 
fossa  patellaris  of  the  vitreous  body.  The 
relations  of  its  equator  to  the  suspensory 
ligament  and  the  canal  of  Petit  have  already 
been  referred  to.  The  superficial  part  of  the  lens  possesses 
about  1'4,  and  its  central  part  or  nucleus  one  of  about  1-45. 


Nucleus 
lentis 


Fig.  571. — Lens  hardened  in  Formalin  and 
dissected  to  show  its  Concentric  LAMiNiE 
(enlarged). 


refractive  index  of 
The  curvatures  of 

its  surfaces,  especially  that  of  the  anterior,  are  constantly  varying  during  life  for 
the  purpose  of  focusing  rays  from  near  or  distant  objects  on  the  retina. 

The  lens  substance  (substantia  lentis)  consists  of  a  soft  outer  part,  the  substantia 
corticalis,  easily  crushed  between  the  finger  and  thumb,  and  of  a  dense  central  part. 


EEFKACTING  MEDIA  OF  THE  EYEBALL. 


737 


Fig 


'2. — Diagrammatic  Reprksentation  of  the  Radii 
Lentis  of  the  Foetal  Lens. 

A,  Seen  from  the  front  ;  B,  From  l3eliind. 


the  nucleus  lentis.  Faint  lines  (radii  lentis)  radiate  from  its  anterior  and  posterior 
poles  towards  its  equator.  In  the  foetus  they  are  three  in  number,  and  form  with 
each  other  angles  of  120°  (Fig.  572).  From  the  anterior  pole  one  ray  ascends 
vertically  and  the  other  two  diverge  downwards,  while  from  the  posterior  pole  one 
ray  descends  vertically  and  the 
other  two  diverge  upwards.  In 
the  adult  the  rays  may  be  increased 
to  six  or  more.  They  represent 
the  free  edges  of  a  corresponding 
number  of  septa  which  dip  into 
the  substance  of  the  lens,  and 
along  which  the  extremities  of  the 
different  groups  of  lens  fibres  come 
into  contact,  and  are  attached 
by  a  clear,  amorphous  substance. 
The  lens,  when  hardened,  exhibits 
a  series  of  concentrically  arranged 
laminte  (Fig.  571),  superimposed  like  the  coats  of  an  onion  and  attached  to  each 
other  by  a  clear,  amorphous  substance.  Each  lamina  is  split  along  the  radiating 
lines,  and  consists  of  a  series  of  hexagonal,  riband-like  fibres,  the  fibrfe  lentis, 
which  are  adherent  to  each  other  by  their  margins ;  those  of  the  deeper  laminae 
are  smaller  and  serrated,  but  non-nucleated ;  while  those  of 
the  superficial  coats  are  larger  and  nucleated,  but  non-serrated. 
The  fibres  extend  in  a  curved  manner  from  the  rays  on 
the  anterior  surface  to  the  rays  on  the  posterior  surface,  but 
no  fibre  extends  from  pole  to  pole.  Fibres  which  start  at  or 
near  one  pole  end  at  or  near  the  equator  on  the  opposite 
surface,  and  vice  versa,  while  the  intervening  fibres  take  up 
intermediate  positions.  Between  the  substantia  lentis  and  the 
anterior  part  of  the  capsule  there  is  a  layer  of  nucleated 
columnar  epithelial  cells,  the  epithelium  lentis.  On  being 
traced  towards  the  equator  its  cells  become  gradually  elongated 
and  transformed  into  lens  fibres,  which,  when  fully  formed, 
lose  all  trace  of  their  nuclei,  except  in  the  more  superficial 
laminae.  Each  lens  fibre  represents,  therefore,  a  greatly 
elongated  columnar  cell  (Fig.  573). 

In  the  foetus  the  lens  is  soft,  of  a  pinkish  colour,  and  nearly 
spherical ;  while  in  old  age  it  becomes  more  flattened  than  in 
the  adult,  and,  losing  its  transparency,  assumes  a  yellowish 
tint. 

Chambers  of  the  Eye  and  Aqueous  Humour  (Fig.  558). — 
As  already  stated  (p.  730),  the  space  between  the  cornea  and 
the  lens  is  divided  by  the  iris  into  two  unequal  parts,  viz.  the 
anterior  chamber  in  front  and  the  posterior  chamber  behind. 
These  are  filled  by  the  aqueous  humour,  and,  in  the  adult, 
communicate  freely  through  the  aperture  of  the  pupil,  but  in 
the  fcetus  are  separated  from  each  other  by  the  pupillary 
membrane.     The  anterior  chamber  (camera  oculi  anterior)  is 
bounded  in  front  by  the  cornea,  behind  by  the  iris  and  lens, 
whilst  peripherally  it  communicates  with  the  spaces  of  Fontana. 
The  posterior  chamber  (camera  oculi  posterior)  is  triangular 
on  section,  and  is  bounded  in  front  by  the  iris,  behind  by 
the  circumferential  part  of  the  lens  and  its  suspensory  liga- 
ment ;  the  base  of  the  triangle,  situated  externally,  corresponds 
with  the  thick,  anterior  extremities  of  the  ciliary  processes.  It 
communicates  with  the  recessus  camerae  posterior  and  canal 
of  Petit.    The  aqueous  humour  has  a  refractive  index  of  about  1'336,  and  consists 
of  about  98  per  cent  of  water,  with  1-4  per  cent  of  sodium  chloride  and  traces  of 
albumen. 
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F[G.  573. 

Section  through  the 
Equator  of  the  Lens. 

Showing  the  gradual  tran- 
sition of  the  epithelium 
into  lens  fibres  (after 
Babuchin). 
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EYELIDS. 

The  eyelids  or  palpebrae  are  two  movable  cutaneous  curtains  situated  in  front 
of  the  eyeball,  and  named,  from  their  position,  upper  and  lower.  The  upper  is  the 
larger  and  more  movable,  being  provided  with  a  special  elevator  muscle,  the  m. 
levator  palpebrse  superioris.  The  interval  between  the  lids  is  termed  the  palpebral 
fissure  (rima  palpebrarum),  and  measures  transversely  about  30  mm.,  but  varies 
considerably  in  different  individuals  and  in  different  races.  When  the  eye  is  open 
the  fissure  is  elliptical  in  shape,  but  when  closed  it  assumes  the  form  of  a  transverse 
slit,  which  lies  on  a  level  with  the  lower  margin  of  the  cornea.  The  two  lids  meet 
at  the  extremities  of  the  fissure,  and  form  the  outer  and  inner  angles,  or  canthi. 
Their  free  margins  are  flattened  and  are  surmounted  by  eyelashes  from  the  external 


Ion  of  levator  palpebrse 
rioris 


:is  palpebrarum 


Fig.  574. — Vertical  Section  through  Upper  Eyelid. 


canthus  to  a  point  about  5  mm.  from  the  inner  canthus — a  point  indicated  by  a 
small  papilla,  the  papilla  lacrimalis.  Internal  to  this  papilla  the  margins  are 
rounded  and  destitute  of  eyelashes,  and  form  the  upper  and  lower  boundaries 
of  a  triangular  space,  termed  the  lacus  lacrimalis,  which  is  occupied  by  a  small 
pale-red  body,  the  caruncula  lacrimalis.  This  caruncula  consists  of  a  minute 
island  of  modified  skin,  and  contains  sweat  glands,  sebaceous  glands,  and  fine  hairs. 
Posteriorly  the  lids  are  lined  by  a  mucous  membrane,  the  conjunctiva,  and  are  in 
contact  with  the  eyeball,  except  near  the  inner  canthus,  where,  between  the  eyeball 
and  the  caruncula  lacrimalis,  there  intervenes  a  vertical  fold  of  conjunctiva,  the  plica 
semilunaris  conjunctivae.  This,  which  in  many  animals  contains  a  plate  of  cartilage, 
is  the  representative  of  the  membrana  nictitans,  or  third  eyelid  of  birds,  etc. 

In  each  lid  there  exists  a  framework  of  condensed  fibrous  tissue,  which  gives 
consistence  and  shape  to  the  lid,  and  is  termed  the  tarsal  plate  or  tarsus.  In  front 
of  the  tarsus  are  the  fibres  of  the  orbicularis  palpebrarum  muscle  and  the 
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integument,  while  embedded  in  its  posterior  surface,  and  covered  by  the  conjunctiva, 
are  numerous  modified  sebaceous  glands  named  the  tarsal  or  Meibomian  glands. 
The  superior  tarsal  plate  (tarsus  superior)  is  larger  than  the  inferior  and  of  a  half 
oval  shape,  with  its  greatest  vertical  diameter  measuring  about  10  or  11  mm.  Its 
upper  margin  is  thin  and  convex,  and  is  continuous  with  the  tendon  of  the  levator 
palpebrse  superioris  muscle,  while  its  lower  edge  is  thick  and  straight.  The  inferior 
tarsal  plate  (tarsus  inferior)  is  a  thin,  narrow  strip,  with  a  nearly  uniform  vertical 
diameter  of  about  5  mm.  The  extremities  of  the  two  plates  are  continuous 
with  the  external  and  internal  tarsal  ligaments.  The  external  tarsal  ligament  is  a 
narrow  band  attached  to  the  malar  bone ;  it  divides,  at  the  outer  canthus,  into 
upper  and  lower  pieces  which  are  fixed  to  the  margins  of  the  respective  tarsal 
plates.  The  internal  tarsal  ligament  is  a  strong  band  attached  to  the  nasal  process 
of  the  superior  maxillary  bone  directly  in  front  of  the  lachrymal  groove ;  it  divides 
at  the  inner  canthus  into  two  slips,  one  for  either  tarsal  plate. 

The  eyelids  are  further  strengthened  by  membranous  expansions,  termed  the 
superior  and  inferior  palpebral  ligaments,  which  extend  into  them  from  the  margin 
of  the  orbit.  The  superior  ligament  is  continuous,  along  the  upper  margin  of  the 
orbit,  with  the  pericranium  and  with  the  periosteal  lining  of  the  orbit,  and  blends 
below  with  the  tendon  of  the  levator  palpebrae  superioris.  The  inferior  ligament  is 
prolonged  from  the  under  edge  of  the  inferior  tarsal  plate  to  the  lower  margin  of 
the  orbit,  where  it  is  continuous  with  the  periosteum  of  the  face  and  orbital  floor. 
Externally  the  two  palpebral  ligaments  fuse  to  form  the  external  tarsal  ligament, 
while  internally  they  become  thinned,  and,  separating  from  the  internal  tarsal 
ligament,  are  attached  to  the  lachrymal  bone  behind  the  lachrymal  sac.  These  two 
palpebral  ligaments  form  a  kind  of  septum  or  diaphragm,  the  septum  orbitale, 
between  the  superficial  and  deep  structures  of  the  eyelids ;  this  septum  is  perforated 
by  the  vessels  and  nerves,  which  extend  from  the  orbital  cavity  to  the  face  or 
scalp. 

The  skin  covering  the  lids  is  thin  and  delicate,  and  is  continuous,  at  their  margins, 
with  their  conjunctival  lining.  It  contains  numerous  small  sweat  glands  and  fine 
hairs,  the  latter  being  provided  with  sebaceous  follicles.  Branched  pigment  cells 
are  present  in  the  cutis,  and  pigment  also  exists  in  the  deep  layers  of  the  epidermis. 
The  subcutaneous  tissue  is  loose  and  devoid  of  fat,  and  in  it  are  found  the  fibres  of 
the  orbicularis  palpebrarum  muscle — a  small  separate  bundle  of  which,  termed  the 
muscle  of  Riolan,  occupies  the  margin  of  the  lids  behind  the  eyelashes.  The 
Meibomian  glands,  or  glandulae  tarsales,  are  elongated  sebaceous  glands  with 
numerous  lateral  offshoots  ;  they  are  embedded  in  the  tarsal  plates  and  filled  with 
cubical  epithelium.  There  are  from  twenty-five  to  thirty  in  the  upper  lid,  and  from 
twenty  to  twenty-five  in  the  lower ;  they  open  by  small  ducts,  about  1  mm.  in 
length,  along  the  lid  margins  behind  the  eyelashes  ;  the  ducts  are  lined  by  stratified 
epithelium  placed  on  a  basement  membrane.  Between  the-  eyelashes  and  the 
muscle  of  Kiolan  are  two  or  three  rows  of  modified  sweat  glands,  termed  the  glands 
of  Moll ;  the  blocking  of  a  duct  of  one  of  these  glands  frequently  gives  rise  to  a  stye. 

H.  Miiller  described  a  layer  of  non-striped  muscle  in  each  hd  :  in  the  upper  extending  from 
the  tendon  of  the  levator  palpebrse  superioris  to  the  upper  tarsal  plate,  and  in  the  lower 
connecting  the  inferior  tarsal  plate  with  the  inferior  oblique  muscle. 

The  tendon  of  the  levator  palpebrse  superioris  divides  into  three  parts — an 
anterior,  passing  between  the  bundles  of  the  orbicularis  to  the  deep  surface  of  the 
skin ;  a  middle,  attached  to  the  superior  tarsal  plate ;  and  a  posterior,  to  the  fornix 
conjunctivse :  there  is  no  corresponding  muscle  in  the  lower  lid.  The  eyelashes  are 
curved,  silky  hairs  which  project  from  the  free  margins  of  the  lids ;  in  the  upper 
lid  they  are  longer  and  more  numerous  than  in  the  lower,  and  are  curved  upwards, 
while  those  of  the  lower  lid  are  bent  downwards. 

Conjunctiva. — This  is  the  name  applied  to  the  mucous  membrane  which  lines 
the  back  of  the  lids  (tunica  conjunctiva  palpebrarum),  and  is  continued  on  to  the 
front  of  the  eyeball  (tunica  conjunctiva  bulbi).  The  line  along  which  it  is  reflected 
from  the  lids  on  to  the  globe  of  the  eye  is  termed  the  fornix  conjunctivae.  The 
palpebral  portion  adheres  intimately  to  the  tarsal  plate  and  presents  numerous 
papillae.  It  is  covered  by  a  layer  of  columnar  epithelial  cells,  beneath  the  bases 
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of  which  are  small  flattened  cells.  Near  the  fornix  a  number  of  acino-tubular 
glands,  much  more  plentiful  in  the  upper  than  in  the  lower  lid,  open  on  its  free 
surface.  The  conjunctiva  bulbi  is  thinner  than  that  lining  the  lids,  and  is  loosely 
attached  to  the  sclera  by  submucous  tissue.  The  plica  semilunaris  conjunctivae  has 
already  been  referred  to  (p.  738).  On  the  cornea  the  conjunctiva  is  represented 
merely  by  the  stratified  epithelium  already  described  (p.  726). 

Vessels  and  Nerves. — Tlie  chief  arteries  of  the  eyelids  are  the  superior  and  inferior  palpe- 
bral branches  of  the  ophtlialmic,  whicli  pierce  the  septum  orbitale  above  and  below  the  internal 
tarsal  ligament,  and  run  tortuously  outwards  in  the  corresponding  lid  near  its  free  margin.  On 
reaching  the  region  of  the  outer  can  thus  they  anastomose  witl^^each  other  and  with  twigs  from 
the  lachrymal,  superficial  temjjoral,  and  transverse  facial  arteries,  and  in  this  way  an  arch  is 
formed  in  each  lid  (upper  and  lower  tarsal  arches).  Secondary  smaller  arches  are  found,  one 
above  the  primary  arch  in  the  upper  lid,  and  another  below  that  of  the  lower  lid,  while  the  upper 
lid  also  receives  iDrancLes  from  the  supraorbital  and  frontal  arteries.  The  veins  are  arranged  in 
two  sets  :  (a)  sul:»conjunctival  or  retrotarsal,  opening  into  the  muscular  tributaries  of  the  ophthalmic 
vein,  and  (6)  pretarsal,  into  the  angular  and  superficial  temporal  veins.  The  lymphatics, 
like  the  veins,  form  pre-  and  retrotarsal  networks,  which  communicate  with  each  other  through 
the  tarsal  plates.  The  lymph  is  chiefiy  drained  into  the  joerauricular  and  parotid  lymphatic 
glands,  but  j^artly,  by  vessels  which  accompany  the  facial  vein,  into  the  submaxillary  lymjDhatic 
glands.  The  sensory  nerves  of  the  eyelids  are  supplied  by  the  fifth  cranial  nerve — the  upper 
lid  chiefly  by  the  supraorbital  and  supratrochlear  branches  of  the  ophthalmic  ;  the  lower,  by 
the  infraorbital  branch  of  the  superior  maxillary.  The  region  of  the  outer  canthus  receives 
some  filaments  from  the  lachrymal  nerve,  that  of  the  inner  from  the  infratrochlear.  These 
sensory  nerves  form  a  marginal  plexus  behind  the  orbicularis  palpebrarum  muscle.  The  levator 
palpebrae  muscle  is  supplied  by  the  third  cranial  nerve  and  the  non-striped  fibres  of  the  lids  by 
the  symjDathetic. 

LACHRYMAL  APPARATUS. 

The  lachrymal  apparatus  (apparatus  lacrimalis)  consists  of :  (1)  the  lachrymal 
gland,  whicli  secretes  the  tears  ;  (2)  the  lachrymal  canals,  by  whicli  they  are  drained 
from  the  front  of  the  globe  ;  and  (3)  the  lachrymal  sac  and  nasal  duct,  which  convey 
them  into  the  nasal  cavity. 

The  lachrymal  gland  is  a  flattened,  oval  body  situated  in  the  upper  and  outer 
part  of  the  orbital  cavity,  and  consists  of  two  portions — orbital  and  palpebral — 
imperfectly  separated  from  each  other  by  the  expansion  of  the  tendon  of  the  levator 
palpebra3  superioris  muscle.  The  orbital  portion,  or  glandula  lacrimalis  superior, 
is  firm  and  much  larger  than  the  palpebral  part ;  it  measures  transversely  about 
20  mm.,  and  sagittally  from  12-14  mm.  It  occupies  the  fossa  lacrimalis  on  the  inner 
aspect  of  the  external  angular  process  of  the  frontal  bone,  and  is  fixed  by  fibrous 
bands  to  its  periosteum,  while  its  inferior  surface  is  in  contact  with  the  levator 
palpebrse  superioris  and  external  recti  muscles  which  intervene  between  it  and  the 
globe  of  the  eye.  The  smaller,  palpebral  portion,  or  glandula  lacrimalis  inferior, 
consists  of  small,  loosely  aggregated  lobules.  It  lies  below  and  in  front  of  the  orbital 
portion,  and  projects  into  the  posterior  part  of  the  upper  eyelid,  where  its  deep 
surface  is  in  contact  with  the  conjunctiva.  The  ducts  which  drain  the  orbital 
portion  are  from  three  to  five  in  number ;  they  pass  between  the  lobules  of  the 
palpebral  portion,  and  open  at  the  upper  and  outer  part  of  the  fornix  conjunctivse. 
The  ducts  of  the  palpebral  portion  number  from  three  to  nine  ;  some  of  them  join 
those  from  the  orbital  part,  while  others  open  separately  at  the  fornix  conjunctivse. 
The  lachrymal  gland  has  a  structure  similar  to  that  of  the  parotid,  and  is  supplied 
by  the  sympathetic  and  lachrymal  nerves  and  by  the  lachrymal  artery,  while  its 
veins  are  drained  into  the  ophthalmic  vein. 

The  lachrymal  canals  (ductus  lacriniales)  commence  by  minute  orifices,  termed 
the  puncta  lacrimalia,  at  the  apices  of  the  papillse  lacrimales  already  referred  to  (p. 
738).  The  upper  canal  is  the  smaller  of  the  two,  and  at  first  ascends  for  a  short 
distance,  and  then  runs  inwards  and  slightly  downwards  ;  the  lower  descends  for  a 
short  distance  and  then  runs  horizontally  inwards.  At  the  angle  where  they 
change  their  direction  each  is  dilated  into  an  ampulla  (ampulla  ductus  lacrimalis). 
They  occupy  the  margins  of  the  lids,  where  these  bound  the  lacus  lacrimalis,  and 
the  two  canals  open  close  together  into  the  outer  and  fore-part  of  the  lachrymal 
sac,  a  little  below  its  middle ;  sometimes  they  open  separately  into  a  pouch-like 
dilatation  of  the  sac,  termed  the  sinus  of  Maier.     Each  canal  is  lined  by  a 
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stratified  epithelium  placed  on  a  tunica  propria,  outside  which  is  a  layer  of 
striped  muscular  fibres  derived  from  the  tensor  tarsi  muscle.  These  muscular 
fibres  are  arranged  somewhat  spirally  around  the  canals,  but  at  the  bases  of 
the  papillse  they  are  circular  in  direction  and  form  a  species  of  sphincter.  On 
contraction  they  serve  to  empty  the  contents  of  the  lachrymal  canals  into  the 
lachrymal  sac. 

The  lachrymal  sac  and  nasal  duct  together  form  the  passage  by  which  the  tears 
are  conveyed  from  the  lachrymal  canals  to  the  nose. 

The  lachrymal  sac  (saccus  lacrimalis)  is  the  upper  expanded  part  of  tlie  passage, 
and  measures  from  12-15  mm.  in  length,  about  7  mm.  antero-posteriorly,  and 
from  4-5  mm.  transversely.  It  lies  in  the  groove  formed  by  the  lachrymal  bone 
and  nasal  process  of  the  superior  maxilla,  and  ends  above  in  a  rounded,  blind 
extremity  or  fundus,  while  it  narrows  below  into  the  nasal  duct.  Here  a  fold  of 
mucous  membrane,  named  the  valve  of  Beraud,  together  with  a  laterally  directed 
pouch,  the  sinus  of  Arlt,  are  sometimes  present.  Near  its  superior  extremity  it 
is  crossed  in  front  by  the  internal  tarsal  ligament,  from  the  upper  and  lower 
edges  of  which  the  orbicularis  palpebrarum  takes  origin,  while  behind  it  is  the 
tensor  tarsi  muscle,  or  muscle  of  Horner. 

The  nasal  duct  (ductus  naso-lacrimalis)  averages  about  18  mm.  in  length,  and 
has  a  diameter  of  from  3-4  mm.  Eather  narrower  near  its  middle  than  at  its  upper 
and  lower  extremities,  it  is  directed  downwards  and  slightly  backwards,  and  opens 
into  the  inferior  meatus  of  the  nose  at  the  junction  of  its  anterior  with  its  posterior 
three-fourths,  i.e.  a  distance  of  30-35  mm.  from  the  posterior  boundary  of  the 
nostril.  Its  lower  orifice  is  somewhat  variable  in  form  and  position,  and  is 
occasionally  duplicated.  It  is  frequently  guarded  by  a  fold  of  mucous  membrane, 
termed  the  valve  or  plica  lacrimalis  of  Hasner.  Through  this  orifice  the  mucous  lining 
of  the  duct  is  continuous  with  that  of  the  nose.  The  mucous  membrane  of  the  duct 
is  thrown  into  inconstant  folds,  several  of  which  have  been  described  as  valves. 
Its  epithelium  is  columnar  and  in  part  ciliated  ;  opening  into  the  lower  part  of  the 
duct  are  numerous  glands  similar  to  those  in  the  nasal  mucous  membrane.  The 
nerves  of  the  lachrymal  canals  and  sac  are  derived  from  the  infratrochlear  l^ranch 
of  the  nasal ;  their  arteries  from  the  inferior  palpebral  and  nasal.  The  veins  of  the 
nasal  duct  are  large  and  numerous,  forming  a  sort  of  erectile  tissue  similar  to  that 
in  the  nose. 

Development  of  the  Eye. 

The  retina  and  optic  nerve  are  developed  from  a  hollow  outgrowth  of  the  fore-brain,  termed 
the  optic  vesicle  (see  pp.  478  and  595).    This  extends  towards  the  side  of  the  head,  and  its 


layer  of  optic  cup 
layer  of  optic  cup 


I        Optic  stalk 
Choiioidal  fissure 
Lens 

Fig.  575. — Sections  through  Portions  op  the  Heads  of  F(etal  Eabbits,  to  illustrate  the  connexion 
of  the  optic  cup  with  the  fore-brain,  and  the  invagination  of  the  ectoderm  to  form  the  lens. 

connexion  with  the  brain  is  gradually  elongated  to  form  the  optic  stalk.    The  ectoderm 
overlying  the  optic  vesicle  becomes  thickened,  invaginated,  and  finally  cut  off  as  a  hollow 
51  h 


742 


THE  OEGANS  OF  SENSE. 


island  of  cells,  which  is  developed  into  the  lens  and  is  named  the  lens  vesicle.  This  lens 
rudiment  indents  the  outer  and  lower  part  of  the  optic  vesicle,  which  now  assumes  the  form 
of  a  cup  (optic  cup),  lined  by  two  layers  of  cells  continuous  with  each  other  at  the  margin 
of  the  cup.  The  inner  of  these  strata,  thicker  than  the  outer,  is  named  the  retinal  layer, 
and  becomes  differentiated  into  the  nervous  and  supporting  elements  of  the  retina ;  while 
the  outer,  named  the  pigmentary  layer,  forms  its  pigmented  epithelium.  The  edge  of  the 
optic  cup  extends  in  front  of  the  equator  of  the  lens,  and  bounds  the  future  aperture  of 
the  pupil.  In  front  of  the  lens,  and  also  opposite  its  equator,  the  retinal  layer  is  thin, 
and  represented  only  by  a  stratum  of  columnar  cells  which  becomes  closely  applied  to 
the  pigmentary  layer,  the  two  forming  the  pars  ciliaris  and  pars  iridica  retina).  The  in- 
dentation of  the  optic  cup  extends  as  a  groove  for  some  distance  along  the  postero-inferior 
aspect  of  the  optic  stalk,  forming  what  is  termed  the  chorioidal  fissure  (Fig.  576).  Through 
this  fissure  the  mesoderm  passes  inwards  between  the  lens  and  the  retina  to  form  the  vitreous 
body,  while  the  arteria  centralis  retinse  also  becomes  enclosed  in  it  and  so  gains  its  future 
position  in  the  centre  of  the  optic  nerve.  The  arteria  centralis  is  prolonged  forwards 
from  the  porus  opticus  through  the  vitreous  body,  as  a  cone  of  branches,  as  far  as  the 
back  of  the  lens.  By  the  fifth  or  sixth  month  all  these  branches  have  disappeared  except 
one,  the  arteria  hyaloidea,  which  persists  until  the  last  month  of  foetal  life,  when  it  also 
atrophies,  leaving  only  the  canalis  hyaloideus  to  indicate  its  position. 

The  lens  rudiment,  at  first  in  contact  with  the  ectoderm,  from  which  it  is  derived^ 
soon  becomes  separated  from  it  by  mesoderm,  and  then  consists  of  a  rounded  vesicle  lined 

by  epithelium.    The  epithelium  which  lines  the  anterior 
part  of  the  vesicle  remains  as  a  single  layer  of  cells — 
the  anterior  lens  epithelium  of  the  adult.    The  cells 
lining  the  posterior  part  of  the  vesicle  become  elongated 
into  lens  fibres,  and  by  the  forward  growth  of  these  the 
cavity  of  the  vesicle  is  obliterated.    This  elongation  into 
lens  fibres  is  greatest  at  the  centre  of  the  lens,  while 
near  the  equator  the  fibres  are  shorter,  and  here  the 
gradual  transition  between  the  anterior  epithelium  and 
Fig.  576.— Optic  Cup  AND  Lens  VIEWED  the  lens  fibres  is  seen  (Fig.  573).    The  lens  becomes 
FROM  Behind  and  Below,  to  show  enveloped  in  a  vascular  tunic,  which  receives  its  vessels 
formation  of  cnorioidal    fissure  and   p  ,     .  i_    t        ±-  i  j'         ^i  i 

enclosure  of  the  arteria  centralis  re-  ^^^m  the  arteria  centralis  retinge  and  from  the  vessels 
tinfc  (from  model  by  Ziegler).  of  the  iris.    The  front  part  of  this  tunic  forms  the 

membrana    pupillaris,    and    this,   like    the    rest  of 
the  tunic,  disappears  before  birth. 

The  hollow  stalk  of  the  optic  cup  becomes  solid  by  the  thickening  of  its  walls  and  the 
obliteration  of  its  cavity,  and,  acquiring  nerve-fibres,  becomes  the  optic  nerve.  These  nerve- 
fibres  are  mostly  centripetal,  and  are  derived  from  the  nerve-cells  of  the  retina  :  but  a  few 
are  centrifugal  and  have  their  origin  in  the  brain.  The  further  development  of  the  retina 
resembles,  in  certain  respects,  that  of  the  spinal  cord. 

Cameron  states  ("  The  Development  of  the  Retina  in  Amphibia,"  Journ.  Anat.  and  Physiol., 
London,  vol.  xxxix.)  that  in  the  early  stages  of  the  development  of  the  inner  or  retinal  layer  of 
the  optic  cup  all  the  structures,  described  by  His  as  being  present  in  the  spinal  cord  of  the 
human  embryo,  are  to  be  found,  viz,  {a)  sjjongioblasts,  (6)  germinal  cells,  and  (c)  neuroblasts. 

The  spongioblasts  undergo  ramification  and  form  a  network  or  myelospongium,  and  also  give 
rise  to  the  inner  and  outer  limiting  membranes  ;  the  latter  is  next  the  original  cavity  of  the  optic 
vesicle,  and  therefore  corresponds  to  the  inner  limiting  membrane  of  the  spinal  cord.  The 
spongioblasts  also  form  the  groundwork  of  the  inner  and  outer  molecular  layers  into  which  the 
processes  of  the  neuroblasts  grow  and  arborise. 

The  germinal  cells  are  always  situated  beneath  the  external  limiting  membrane,  and  by  their 
division  give  rise  to  the  neuroblasts.  The  first-formed  neuroblasts  are  larger  than  those  of 
succeeding  generations,  and  are  found  in  the  site  of  the  future  ganglionic  layer.  The  germinal 
cells  in  the  middle  of  the  convexity  of  the  retinal  cup  cease  to  divide  at  an  early  stage  of 
development,  and  become  directly  transformed  into  the  rod  and  cone  cells  from  which  the  rods 
and  cones  develop  as  jDrocesses  ;  hence  these  structures  appear  first  over  the  middle  of  the 
convexity  of  the  retina,  and  gradually  extend  towards  the  margin  of  the  retinal  cup. 

The  nuclei  of  the  retinal  neuroblasts  undergo  a  progressive  diminution  in  size — in  some 
cases  to  one-fourth  of  that  of  their  earlier  stages.  Cameron,  after  a  careful  study  of  the  neuro- 
blasts, not  only  in  the  retina,  but  in  the  wall  of  the  cerebral  vesicle  and  spinal  cord,  is  of  opinion 
that  the  neuroblastic  nuclei  are  destitute  of  a  protoplasmic  investment,  and  that  what  has  been 
described  as  a  zone  of  "  clear  protoplasm  "  surrounding  these  nuclei  during  the  process  of  karyo- 
kinesis  is  simply  the  achromatic  nuclear  substance  set  free  by  the  disappearance  of  the  nuclear 
membrane  ;  and,  further,  that  the  processes  which  grow  out  from  the  neuroblasts  in  reality  issue 
from  the  substance  of  the  nuclei  and  thus  cause  the  gradual  diminution  in  size  of  the  latter. 
"  The  processes  of  the  retinal  'ganglion -cells '  and  of  the  cells  of  the  inner  nuclear  layer  first  show 
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themselves  as  protrusions  of  tlie  nuclear  contents,  while  the  rods  and  cones  are  at  first  also 
protrusions  of  the  nuclei  of  the  external  nuclear  layer.  The  rod  and  cone  elements,  when  they 
first  appear,  do  so  as  perfectly  clear  sjjherical  globules  consisting  of  nothing  more  than  nuclear 
achromatin.  The  axis-cylinders  of  the  optic  nerve  arise  as  processes  of  the  nuclei  in  the 
ganglionic  layer,  and  the  great  difiiculty  which  is  experienced  in  staining  the  individual  fibres 
of  the  retinal  nerve-fibre  layer  is  due  to  the  fact  that  they  are  comi^osed  of  the  achromatic 
nuclear  substance  of  the  ganglionic  nuclei.  The  origin  of  the  axis-cylinders  from  these  nuclei 
sujDports  the  contention  of  those  who  insist  on  the  fact  that  the  axis-cylinder  j^rocess  of  a  nerve- 
cell  can  be  traced  right  into  the  nucleus  of  that  cell." 

The  molecular  layers  make  their  appearance  as  plexuses  of  myelospongium.  The  internal 
molecular  layer  is  first  developed  at  the  centre  of  the  retinal  cuj^,  and  gradually  extends  towards 
the  cup  margin,  and  into  it  the  processes  from  the  nuclei  on  either  side  grow  and  ramify.  The 
rod  and  cone  fibres,  and  the  outer  processes  of  the  internal  nuclear  layer,  grow  into  and  arborise 
within  the  external  molecular  layer. 

The  most  interesting  points  with  reference  to  the  development  of  the  nuclear  layers  are, 
(1)  the  extrusion  of  the  various  processes  from  the  nuclei  as  already  described,  and  (2)  the  free 
manner  m  which  these  nuclei  multiply  by  direct  division  during  the  metamorphosis.  It  is 
interesting  to  note  that  the  retinal  nuclei  are  formed  during  the  early  stages  by  mitotic  or 
indirect  division  of  the  germinal  cells,  while  later  they  appear  caj)able  of  multi^^lying  by 
amitotic  or  direct  division  only. 

The  first  evidences  of  the  rods  and  cones  are  in  the  form  of  clear,  absolutely  achromatic 
globules,  which  lie  between  the  nuclei  of  the  external  nuclear  layer  and  the  outer  limiting 
membrane.  Whenever  these  are  protruded  beyond  this  membrane  they  grow  with  great 
rapidity,  and  exert  an  influence  on  the  retinal  pigment  cells,  causing  them  to  protrude  their 
j)rocesses,  the  pigment  of  which  they  seem  to  digest  and  absorb,  since  they  now  stain  deej^ly 
with  iron-alum-hsematoxylin.  This  gives  us  a  clue  to  the  mode  by  which  the  rhodopsm 
function  of  the  rods  in  the  adult  is  conducted,  for  these  structures  actually  owe  their  growth  and 
development  to  the  ingestion  of  pigment  from  the  pigment-cell  processes. 

The  condensed  mesoderm  siirrounding^the  optic  cup  becomes  the  sclera  and  chorioid. 
In  the  portion  of  the  mesoderm  which  lies  in  front  of  the  lens  a  cleft-like  fissure  appears, 
and  divides  it  into  a  thick  anterior  and  a  thin  posterior  layer.  The  former  becomes  the 
substantia  propria  of  the  cornea  ;  the  latter,  the  stroma  of  the  iris  and  anterior  part  of  the 
vascular  tunic  of  the  lens.  The  fissure  represents  the  future  anterior  chamber,  and  its 
lining  cells  form  the  layer  of  endothelium  on  the  back  of  the  cornea  and  front  of  the 
iris. 

The  eyelids  arise  as  two  integumentary  folds  above  and  below  the  cornea,  each  being 
covered  on  both  its  surfaces  by  the  ectoderm.  By  the  third  month  the  folds  meet  and 
unite  with  each  other  at  their  edges,  the  eyelids  being  only  permanently  opened  shortly 
before  birth ;  in  many  animals  they  are  not  opened  until  after  birth.  The  ectoderm 
forms  the  epithelium  of  the  conjunctiva  and  the  stratified  epithelium  of  the  cornea.  It 
is  also  invaginated  at  the  lid  margins  to  form  the  hair  follicles  and  the  lining  cells  of  the 
Meibomian  glands  and  glands  of  Moll,  and,  at  the  fornix  conjunctivae,  to  form  the  lining 
of  the  alveoli  and  ducts  of  the  lachrymal  gland. 

The  nasal  duct,  lachrymal  sac,  and  canals  represent  the  remains  of  the  furrow  which 
extends  from  the  inner  angle  of  the  eye  to  the  nasal  cavity  between  the  superior  maxillary 
and  lateral  nasal  processes  (p.  40).  It  is  at  first  filled  by  a  solid  rod  of  cells,  which 
becomes  hollowed  out  to  form  the  duct  and  canals. 

THE  EAE. 

The  ear  or  organ  of  hearing  (organon  auditus,  Fig.  577)  consists  of  three  portions 
— external,  middle,  and  internal — the  last  constituting  its  essential  part,  as  within 
it  are  distributed  the  peripheral  terminations  of  the  auditory  nerve. 

EXTEENAL  EAE. 

The  external  ear  ^  includes  — {a)  the  pinna  or  auricula,  attached  to  and  pro- 
jecting from  the  side  of  the  head ;  and  (jb)  the  passage  or  external  auditory  meatus 
(meatus  acusticus  externus),  leading  inwards  from  the  most  depressed  part  of  the 
pinna  as  far  as  the  tympanic  membrane  or  outer  wall  of  the  middle  ear. 

The  Pinna. 

The  pinna  or  auricula  (Fig.  578)  presents  two  surfaces,  outer  and  inner,  the 
latter  forming  an  angle  (cephalo-auricular  angle)  of  about  30°,  with  the  side  of  the 

^  Although  it  is  usual  to  spealc  of  the  external,  middle,  and  internal  ear,  it  would  be  more  correct  to  use 
the  terms  external,  middle,  and  internal  portions  of  the  ear. 
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head.  The  outer  surface  is  irregularly  concave,  but  presents  several  well-marked 
elevations  and  depressions.    The  deepest  of  the  depressions  is  situated  near  its 

middle,  and  is  named 
the  concha  (concha  auri- 
culse).  It  is  divided 
by  an  almost  transverse 


Tymijaiiic  cavity,  witli  chain  of  ossicles 
Semicircular  canal 
Utricle 


Ductus  endolymphaticus 
Saccnl 
Cochlea 


ridge,  the  crus  helicis, 

smaller. 


Pinna 


Eustachian  tube 

Membraiia  tynipani 

Recessus  epitympanicus 

External  auditory  meatus 


Fig.  577. — Diagrammatic  View  of  the  Organ  of  Hearing. 


into  an  upper, 
and  a  lower,  larger  por- 
tion :  the  former  is 
termed  the  cymba  con- 
chse ;  the  latter,  which 
leads  into  the  meatus, 
the  cavum  conchsB.  An- 
teriorly, the  crus  helicis 
is  continuous  with  the 
margin  of  the  pinna  or 
helix,  which  is  folded 
over,  in  the  greater  part 
of  its  extent,like  the  rim 
of  a  hat,  and  is  directed  at 
first  upwards,  and  then 
backwards  and  down- 
wards, to  become  gradu- 
ally lost  a  little  below 
the  middle  of  the  pinna.  Near  the  point  where  the  helix  begins  to  turn  down- 
wards a  small  tubercle,  the  tuberculum  superius  (Darwini),  is  often  seen ;  it  will  be 
again  referred  to.  In  front  of  the  descending  part  of  the  helix  is  a  second 
elevation,  the  antihelix.  Single  below,  it  divides  superiorly  into  two  limbs,  termed 
the  crura  antihelicis,  betw^een  which 
is  a  triangular  depression,  the  fossa 
of  the  antihelix,  or  fossa  triangularis.  I\ 
The  elongated  furrow  between  the 
helix  and  antihelix  is  named  the 
fossa  of  the  helix  or  scapha.  The 
concavity  of  the  concha  is  over- 
lapped in  front  by  a  tongue-like 
process,  the  tragus,  and  behind  by 
a  triangular  projection,  the  anti- 
tragus ;  the  notch,  directed  down- 
wards and  forwards  between  these 
two  processes,  is  named  the  incisura 
intertragica.  The  tragus  really 
consists  of  two  tubercles,  the 
upper  of  which  constitutes  the 
tuberculum  supratragicum  of  His, 
and  is  separated  from  the  helix  by 
(lobulus  auriculae)  is  situated 
dependent  part  of  the  pinna. 

The  inner  or  cranial  surface  is  also  irregular,  and  presents  elevations  corre- 
sponding to  the  depressions  on  its  outer  surface,  e.g.  eminentia  conchae,  eminentia 
triangularis,  etc. 

Tlie  pinna  is  usually  smaller  and  more  finely  modelled  in  the  female  than  in  tlie  male,  but 
presents  great  variations  in  size  and  shape  in  different  individuals.  In  the  newly-born  child  its 
length  is  about  one-third  of  that  of  the  adult,  while  it  increases  slightly  in  length  and  breadth 
in  old  age. 

The  relation  of  the  width  to  the  height  is  termed  the  auricular  index,  and  is  expressed  as 
follows  : — 

wddthof  pinna  xK)0^^^^.^^1^^  .^^^^ 
length  01  pinna 
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579.— Outer  Surface  of  Cartilage  of  Pinna 
(one-lialf  natural  size). 


This  index  is  less  in  white  than  in  dark  races. 

The  cephalo-auricular  angle  may  be  practically  absent,  as  in  those  cases  where  the  skin  of  the 
head  passes  directly  on  to  the  outer  surface  of  the  pinna,  or  it  may  be  increased  to  nearly  a  right 
angle,  so  that  the  outer  surface  of  the  pinna  looks  directly  forwards.  The  tuberculum  superius, 
the  significance  of  which  was  recognised  by  Darwin,  is  a  somewhat  triangular  prominence  which 
projects  forwards  when  the  helix  is  well  rolled  over,  but  backwards  and  upwards  when  the 
incurving  of  the  helix  has  been  arrested.  More  frequently  present  in  men  than  in  women,  it  is 
of  develo23mental  interest  since  it  has  been  shown  to  be  well  marked  at  the  sixth  month  of  foetal 
life,  the  entire  pinna,  at  this  stage,  resembling  in  appearance  that  of  the  adult  macaque. 

The  lobule  may  be  small  ancl  sessile  or  considerably  elongated  ;  it  may  adhere  to  the  skin  of 
the  cheek  ii..e.  webbed),  or  may  tend  to  bifurcate  at  its  lower  extremity. 

Structure  of  the  Pinna. — The  greater  part  of  the  pinna  consists  of  a  lamella 
of  yellow  fibro-cartilage,  the  cartilage  auriculae ;  the  cartilage  is,  however,  absent 
from  the  lobule,  which  is  composed  of  fat  and  connective  tissue.  When  laid  bare, 
the  cartilaginous  lamella  (Figs.  579,  580)  presents,  in  an  exaggerated  condition,  all 
the  inequalities  of  the  pinna,  and 
is  seen  to  be  prolonged  inwards,  to 
form  a  considerable  portion  of  the 
external  auditory  meatus.  The 
cartilage  of  the  helix  projects  an- 
teriorly as  a  conical  eminence,  the 
spina  helicis,  whilst  its  inferior  ex- 
tremity extends  downwards  as  a 
tail-like  process,  the  cauda  helicis, 
which  is  separated  from  the  lower 
part  of  the  antitragus  by  a  fissure, 
termed  the  fissura  antitragohelicina. 
The  cartilage  of  the  pinna  is  con- 
tinuous with  that  of  the  meatus  by 
a  narrow  isthmus  (isthmus  cartila- 
ginis  auris)  measuring  from  8-9  mm. 
in  breadth.  This  isthmus  corresponds  externally  with  the  deepest  part  of  the 
incisura  intertragica,  and  internally  it  forms  the  outer  boundary  of  a  deep  fissure, 
the  incisura  terminalis  auris,  which  separates  the  cartilage  of  the  meatus  from 
that  of  the  .  concha.  The  upper  edge  of  the  tragus  fits  into  an  angle  below  the 
crus  helicis. 

If  the  incisura  terminalis  auris,  together  with  the  isthmus  and  the  incisura  intertragica,  be 
taken  as  representing  the  boundary  between  the  cartilage  of  the  pinna  and  that  of  the  meatus,  it 
follows  that  the  tragus  really  forms  a  part  of  the  meatal  cartilage. 

On  the  cranial  aspect  of  the  cartilage  (Fig.  580)  the  eminences  produced  by  the 
concha  and  fossa  triangularis  are  separated  by  a  transverse  furrow,  the  sulcus  anti- 
helicis  transversus,  corresponding  with  the  crus  antihelicis  inferior;  further,  the 

eminen  tia  conch  as  is  crossed  horizontally 
by  a  groove,  the  sulcus  cruris  helicis,  and 
almost  vertically  by  a  slight  ridge,  the 
ponticulus :  the  latter  indicates  the 
attachment  of  the  M.  auricularis  pos- 
terior. 

In  addition  to  the  fissures  described, 
others,  termed  the  fissures  of  Santorini, 
are  found,  usually  one  in  the  tragus 
and  one  or  more  in  the  cartilage  of  the 
meatus. 

Ligaments  of  the  Pinna. — The 

cartilage  of  the  pinna  is  attached  to 
the  skull  by  two  fibrous  bands  which 
form  its  extrinsic  ligaments,  viz. :  an 
anterior,  stretching  from  the  zygoma  to  the  spina  helicis  and  tragus ;  and  a  posterior, 
passing  from  the  eminentia  conchse  and  upper  wall  of  the  meatus  to  the  mastoid 
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580. — Inner  Surface  of  Cartilage  of  Pinna 
(one-half  natural  size). 
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process.  Small  ligamentous  bands  pass  between  individual  parts  of  the  pinna,  and 
form  what  ^re  termed  its  intrinsic  ligaments. 

Muscles  of  the  Pinna  (Figs.  579,  580).— The  muscles  of  the  pinna  are  divided 
into  two  groups,  extrinsic  and  intrinsic.  The  extrinsic  muscles  pass  from  the  pinna 
to  the  skull  or  scalp,  and  are  described  in  the  section  on  Myology.  The  intrinsic 
muscles,  on  the  other  hand,  are  confined  to  the  pinna  and  are  six  in  number,  four 
on  its  outer  and  two  on  its  cranial  aspect. 

(a)  On  the  outer  surface  (Fig.  579) — 

1.  M.  helicis  major,  passes  upwards  from  the  spina  helicis  along  the  ascending 
part  of  the  helix.    2.  M.  helicis  minor,  covers  the  crus  helicis.    3.  M.  tragicus, 

quadrangular  in  shape,  consists  of  fibres  running  vertically  over  the  greater 
part  of  the  tragus.  Some  of  its  fibres  are  prolonged  upwards  to  the  spina  helicis 
and  constitute  the  m.  pyramidalis.  4.  M.  antitragicus,  covers  the  antitragus 
and  passes  obliquely  upwards  and  backwards  as  far  as  the.  antihelix  and  cauda 
helicis. 

(?))  On  the  cranial  surface  (Fig.  580) — 

1.  M.  transversus  auriculae,  consists  of  scattered  fibres,  which  stretch  from  the 
eminentia  conchae  to  the  convexity  of  the  helix.  2.  M.  obliquus  auriculae  (Tod), 
comprises  a  few  fasciculi,  which  run  obliquely  or  vertically  across  the  furrow  corre- 
sponding with  the  crus  antihelicis  inferior.  A  small  muscle,  the  stylo-auricularis, 
sometimes  extends  from  the  root  of  the  styloid  process  to  the  cartilage  of  the 
meatus. 

Skin  of  the  Pinna. — The  skin  covering  the  pinna  is  thin  and  smooth,  and  is 
prolonged  inwards,  in  the  form  of  a  tube,  as  a  lining  to  the  external  auditory 
meatus.  It  adheres  firmly,  on  the  outer  surface  of  the  pinna,  to  the  subjacent 
perichondrium.  Hairs  are  well  developed  on  the  tragus  and  antitragus,  and  also  in 
the  incisura  intertragica,  forming  the  barbula  hirci,  which  guard  the  entrance  to  the 
concha.  Soft  downy  hairs  are  found  over  the  greater  part  of  the  pinna  and  point 
towards  Darwin's  tubercle.  Sebaceous  glands,  present  on  both  surfaces  of  the  pinna, 
are  most  numerous  in  the  concha  and  fossa  triangularis.  Sweat  glands  are  found 
on  both  surfaces,  but  are  much  more  numerous  on  the  cranial  aspect. 

Vessels  of  the  Pinna. — The  arteries  for  the  pinna  are  derived — {a)  from  the  snj)erficial  tem- 
poral, which,  sends  two  or  three  branches  to  the  outer  surface  ;  and  (h)  from  the  posterior  auricular, 
which  gives  three  or  four  branches  to  the  cranial  surface.  From  the  latter  two  sets  of  twigs  are 
prolonged  to  the  outer  surface,  one  turning  round  the  free  margin  of  the  helix,  and  the  other 
passing  through  small  fissures  in  the  cartilage.  The  veins  from  the  outer  surface  open  into  the 
superficial  temj^oral  vein  ;  those  from  the  cranial  surface  chiefly  join  the  posterior  auricular  vein, 
but  some  communicate  with  the  mastoid  emissary  vein.  The  lymphatics  take  three  directions, 
viz.  :  {a)  forwards  to  the  parotid  lymphatic  glands,  and  especially  to  the  j)reauricular  gland  in 
front  of  the  tragus;  (b)  downwards  to  the  lymj)hatic  glands  which  accompany  the  external  jugular 
vein,  and  to  the  glands  under  the  sternomastoid  ;  and  (c)  backwards  to  the  mastoid  lymjDhatic 
glands. 

Nerves  of  the  Pinna. — The  muscles  of  the  pinna  are  suj^plied  by  the  seventh  cranial  nerve. 
The  skin  receives  its  sensory  nerves  from — {a)  the  great  auricular,  which  supplies  nearly  the 
whole  of  the  cranial  surface,  and  sends  filaments  in  company  with  the  branches  of  the  posterior 
auricular  artery  to  the  outer  surface  ;  (b)  the  auriculo-temjooral,  which  supplies  the  tragus  and 
ascending  part  of  the  helix  ;  (c)  the  small  occij^ital,  which  sends  a  branch  to  the  upper  part  of  the 
cranial  surface. 

External  Auditory  Meatus. 

The  external  auditory  meatus  (meatus  acusticus  externus)  (Figs.  580,  581)  is 
the  passage  leading  inwards  from  the  concha  as  far  as  the  membrana  tympani.  Its 
average  length,  measured  from  the  bottom  of  the  concha,  is  about  one  inch 
(24  mm.),  but,  if  measured  from  the  level  of  the  tragus,  nearly  one  inch  and  a 
half  (35  mm.)  On  account  of  the  obliquity  of  the  membrana  tympani  its  anterior 
and  inferior  walls  are  longer  than  the  posterior  and  superior.  The  tube  consists  of 
two  parts,  viz. :  {a)  an  external  fibro-cartilaginous  portion,  the  pars  cartilaginea, 
having  a  length  of  about  8  mm. ;  and  (h)  an  internal  osseous  portion,  the  pars  ossea, 
measuring  about  16  mm.,  and  formed  by  a  portion  of  the  temporal  bone.  The 
entire  meatus  forms  a  somewhat  S-shaped  bend  (Fig.  582),  and  may  be  divided  into 
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three  portions,  viz. :  (1)  pars  externa,  directed  inwards,  forwards,  and  slightly 
upwards  for  about  7  mm. ;  (2)  pars  media,  inclining  inwards  and  backwards  for 
about  5  mm. ;  (3) 
pars  interna,  the 
longest  of  the  three, 
passing  forwards,  in- 
wards, and  slightly 
downwards.  On 
transverse  section 
the  canal  is  seen  to 
be  elliptical,  its 
greatest  diameter 
having  an  inclina- 
tion downwards  and 
backwards.  Widest 
at  its  outer  ex- 
tremity, it  becomes 
somewhat  narrower 
at  the  inner  end  of 
the  pars  cartila- 
ginea ;  once  more 
expanding  in  the 

outer  part  of  the  pars  ossea,  it  is  again  constricted  near  the  inner  end  of  the  latter, 
where  its  narrowest  part,  or  isthmus,  is  found  at  a  distance  of  about  19  mm.  from 
the  bottom  of  the  concha.  The  inner  extremity  of  the  meatus  is  nearly  circular 
and  is  closed  by  the  membrana  tympani. 
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Fig.  581.- 


-Vertical  Transverse  Section  of  Right  Ear  ;  Anterior  Half 
OF  Section,  viewed  from  behind  (natural  size). 


Bezold  gives  the  diameters  of  the  meatus  as  fohows  : — 

Greatest.  Least. 

At  the  commencement  of  the  pars  cartilaginea.        .        .  9*08  mm.  6*54  mm. 

At  the  end  ,,        .       .        .  7*79  mm.  5*99  mm. 

At  the  commencement  of  the  pars  ossea  .        .        .  8'67  mm.  6*07  mm. 

At  the  end  ,,  ...  8-13  mm.  4*60  mm. 


The  lumen  of  the  pars  cartilaginea  is  influenced  by  the  movements  of  the 
lower  jaw,  being  increased  when  the  jaw  is  depressed.    This  can  be  easily  verified  by 

inserting  a  finger  into 
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the  meatus,  and  then  al- 
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The  condyle  of  the 


tympani  jaw  Hcs  in  frout  of  the 


FiG.)^2.—  Horizontal  Section  through  Right  Ear  ;  Upper  Half  of 
'    y  "  Section  seen  from  below  (natural  size). 


pars  ossea,  while  be- 
tween the  jaw  and  the 
pars  cartilaginea  there 
intervenes  a  portion  of 
the  parotid  gland.  Be- 
low the  meatus  is  the 
retro-mandibular  part 
of  the  parotid  gland. 
Behind  the  pars  ossea, 
and  separated  from  it 
by  a  thin  plate  of  bone, 
are  the  mastoid  air- 
cells. 

meatus,  directly  continuous 


Structure  of  the  Meatus. — The  cartilage  of  th 
with  that  of  the  pinna,  is  folded  on  itself  to  form  a  groove,  opening  upwards  and 
backwards,  the  margins  of  which  are  connected  by  fibrous  tissue.  The  inner  end  of 
the  cartilage  is  firmly  fixed  to  the  outer  margin  of  the  bony  meatus,  whilst  its  outer 
extremity  is  continuous  with  the  cartilage  of  the  tragus  (vide  p.  745).    A  couple  of 
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c«t.v'>'  fissures,  the  fissures  of  Santorini,  exist  in  the  anterior  portion  of  the  cartilage  of  the 
meatus,  and  are  filled  by  fibrous  tissue.  In  the  outer  part  of  the  meatus  the  cartilage 
forms  about  three-fourths  of  its  circumference  ;  but,  on  passing  inwards,  the  propor- 
tion of  cartilage  to  fibrous  tissue  diminishes,  with  the  result  that  near  the  inner 
end  of  the  pars  cartilaginea  the  cartilage  forms  merely  a  part  of  the  anterior  and 
lower  boundaries  of  the'  canal. 

The  osseous  portion  (pars  ossea)  of  the  meatus  is  described  on  p.  117  ;  but  it  may  be 
well  to  state  here  that  in  the  newly-born  child  it  is  represented  only  by  an  incomplete 
ring  of  bone,  the  annulus  tympanicus,  together  with  a  small  |)ortion  of  the  squamous 
temporal,  which  articulates  with,  and  bridges  over  the  interval  between,  the  extremities  of  the 
ring  superiorly.  In  the  concavity  of  the  annulus  is  a  well-defined  groove,  the  sulcus  tympanicus, 
in  which  the  circumference  of  the  membrana  tympani  is  fixed.  On  the  inner  aspect  of  the 
anterior  part  of  the  annulus,  a  little  below  its  free  extremity,  a  groove,  the  sulcus  malleolaris,  is 
directed  downwards  and  forwards.  It  transmits  the  j)rocessus  gracilis  and  anterior  ligament 
of  the  malleus,  the  tympanic  artery  and  the  chorda  tymj)ani  nerve.  It  is  limited  above  by  a 
well-marked  ridge,  the  crista  spinarum  of  Henle,  which  ends  in  front  and  behind  in  a  spinous 
process  (spina  tympanica  anterior  and  posterior).  Below  the  sulcus  malleolaris  there  is  a  second, 
less  prominent  ridge,  the  crista  tympanica  of  Gruber,  which  subsequently  unites  with  a  process 
of  the  tegmen  tympani,  and  so  shuts  off  the  canalis  musculo-tubarius  from  the  Glaserian  fissure. 
A  fibrous  plate,  the  tympanic  fibrous  plate  (Symington),  intervenes  between  the  annulus 
tympanicus  and  the  inner  end  of  the  cartilage  of  the  meatus,  and  into  this  -plate  the  bony  ring 
extends.  The  bony  outgrowth  does  not,  however,  proceed  uniformly  throughout  its  circum- 
ference, but  occurs  most  rapidly  in  the  anterior  and  posterior  parts  of  the  ring.  These  outgrowths 
fuse  about  the  end  of  the  second  year  of  life,  so  as  to  surround  a  foramen  in  the  floor  of  the 
meatus  (foramen  of  Huschke),  which  is  usuall}'  closed  by  the  fifth  year,  but  persists  until  adult 
life  in  some  19  per  cent  of  skulls  (Biirkner). 

The  lumen  of  the  meatus  in  the  newly-born  child  is  extremely  small :  its  outer  j)art  is  funnel- 
shaped  ;  its  inner  a  mere  slit,  bounded  below  by  the  tympanic  fibrous  jAa.tQ  and  above  by  the 
obliquely-placed  membrana  tympani. 

The  skin  which  envelopes  the  pinna  lines  the  entire  meatus,  and  covers  also  the 
outer  surface  of  the  tympanic  membrane.  It  is  thick  in  the  pars  cartilaginea,  and^  • 
contains  fine  hairs  and  sebaceous  glands,  the  latter  extending  inwards  for  some 
distance  along  the  postero-superior  wall  of  the  pars  ossea.  The  sweat  glands 
are  enlarged  and  of  a  brownish  colour ;  they  constitute  the  glandulse  ceruminosse 
and  secrete  the  ear  wax  or  cerumen. 

Vascular  and  Nervous  Supply  of  the  Meatus. — The  meatus  receives  its  blood-supply  from 
the  posterior  auricular  and  superficial  temporal  arteries,  and  also  from  the  deep  auricular  branch 
of  the  internal  maxillary  artery,  the  last  distributing  some  minute  branches  to  the  membrana 
tympani.  The  veins  open  into  the  external  jugular  and  internal  maxillary  veins,  and  also  into 
the  pterygoid  plexus,  while  the  lymphatics  have  a  similar  mode  of  termination  to  those  of  the 
pinna.  Sensory  nerves  are  suiDplied  to  the  meatus  by  the  auriculo-temporal  branch  of  the  fifth 
and  by  the  auricular  branch  of  the  vagus. 


MIDDLE  EAE  OE  TYMPANIC  CAVITY. 

The  tympanic  cavity  (cavum  tympani)  is  a  small  air  chamber  in  the  temporal 
bone,  which  intervenes  between  the  membrana  tympani  and  the  outer  wall  of  the 
internal  ear  or  labyrinth  (Figs.  581,  582).  Lined  by  mucous  membrane,  it  contains 
a  chain  of  ossicles  (ossicula  auditus)  which  reaches  from  its  outer  to  its  inner  wall, 
and  by  means  of  which  the  vibrations  of  the  membrana  tympani  are  transmitted 
across  the  cavity  to  the  internal  ear.  Attached  to  the  ossicles  are  several  ligaments, 
together  with  a  pair  of  small  muscles,  while  certain  nerves  are  either  distributed 
to  the  cavity  or  pass  through  it. 

The  tympanic  cavity  consists  of  two  portions :  (1)  The  tympanum  proper,  or 
atrium,  lying  immediately  to  the  inner  aspect  of  the  membrana  tympani ;  and  (2) 
the  recessus  epitympanicus,  lying  above  the  level  of  the  membrane  and  containing 
the  greater  part  of  the  incus  and  the  upper  half  of  the  malleus.  Including  this 
recess,  the  vertical  and  antero-posterior  diameters  of  the  tympanic  cavity  are 
rather  more  than  half  an  inch  (15  mm.)  The  distance  between  its  outer  and 
inner  walls  is  about  6  mm.  above  and  4  mm.  below,  while  at  its  central  ]3art, 
owing  to  the  bulging  of  the  two  walls  towards  the  cavity,  it  measures  only 
from  IJ  to  2  mm. 
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The  tympanic  cavity  presents  for  examination  a  roof,  a  floor,  and  four  walls,  viz. 
anterior,  posterior,  external,  and  internal. 

The  roof  (Fig.  583)  (paries  tegmentalis)  is  formed  by  a  thin  plate  of  bone,  the 
tegmen  tympani,  constituting  a  portion  of  the  upper  surface  of  the  petrous- temporal. 
It  extends  backwards  so  as  to  cover  in  the  mastoid  antrum,  and  forwards,  to  form 


Antrum  mastoideum 
Reccssus  epitympamcns 
Prominentia  canahs  lacJalis  \ 


Teamen  tynipai 


Canal  for  tensor  tympani 
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Pyramid  ** 

Sinus  tympani 
Mastoid  air-cells 


Fossula  rotunda 


Course  of  canalis  facialis 


Fig.  58-3. — Section  through  Left  Temporal  Bone,  showing  inner  wall  of  tj^mpanic  cavity,  etc. 

the  roof  of  the  canal  for  the  tensor  tympani  muscle.  It  separates  the  tympanum 
and  antrum  from  the  cranial  cavity,  and  may  contain  a  few  air-cells,  whilst  occasion- 
ally it  is  partly  deficient.  In  the  child  its  outer  edge  corresponds  with  the  petro- 
squamous suture.  The  floor  (fundus  tympani  sen  paries  jugularis)  is  narrower  than 
the  roof,  and  consists  of  a  thin  plate  of  bone  which  separates  the  cavity  from  the 
fossa  jugularis ;  anteriorly,  it  extends  upwards  and  becomes  continuous  with  the 
posterior  wall  of  the  carotid  canal.  The  inner  orifice  for  Jacobson's  nerve,  or 
tympanic  branch  of 

Ik  - 


\ 


Recessus  epitympanicus 


Apertur'a 
tympanica 
caiialiculi 
chorda; 


the  glosso- pharyn- 
geal, is  seen  near  the 
junction  of  the  floor 
with  the  inner  wall. 

The  posterior 
wall  "(paries  mas- 
toidea)  presents, 
from  above  down- 
wards :  (1)  A 
rounded  or  triangu- 
lar opening,  which 
extends  backwards 
from  the  recessus 
epitympanicus  and 
leads  into  the 
mastoid  antrum 
(Fig.  583);  the  latter 
will  be  again  referred 
to  (p.  752).  (2)  A 
depression,  the  fossa 

incudis  (Fig.  584),  which  lodges  the  extremity  of  the  short  process  of  the  incus  ;  this 
fossa  is  situated  in  the  postero-inferior  part  of  the  recessus  epitympanicus.  (3)  A 
minute  conical  bony  projection,  the  pyramid  or  eminentia  pyramidalis  (Fig.  583),  the 
summit  of  which  is  perforated  by  a  round  aperture  for  the  passage  of  the  tendon  of 
the  stapedius  muscle.  This  aperture  is  continued  downwards  and  backwards  as  a  canal 
in  front  of  the  Fallopian  aqueduct,  and  frequently  opens,  by  a  minute  orifice,  on  the 
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Fig.  584. — Left  Membrana  Tympani  and  Recessus  Epitympanicus,  viewed 
from  within.  The  head  and  neck  of,  the  malleus  have  been  removed  to 
show  the  membrana  flaccida  and  the  tympano-nialleolar  folds.     x  3. 
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base  of  the  skull  in  front  of  the  stylo-mastoid  foramen.  It  communicates  with  the 
Fallopian  aqueduct  by  one  or  two  small  foramina,  through  which  the  vessels  and  nerve 
pass  to  reach  the  stapedius  muscle.  A  minute  spicule  of  bone  often  extends  from  the 
pyramid  to  the  promontory  on  the  inner  wall  of  the  tympanum.  (4)  A  small  aperture, 
the  apertura  tympanica  canaliculi  chordae  (Fig.  584),  which  is  situated  immediately 
internal  to  the  posterior  edge  of  the  membrana  tympani,  nearly  on  a  level  with  the 
upper  end  of  the  manubrium  mallei,  and  transmits  the  chorda  tympani  nerve.  (5) 
A  rounded  eminence,  the  prominentia  styloidea,  is  sometimes  seen  below  the  last ; 
it  is  caused  by  the  upward  and  forward  prolongation  of  the  styloid  process. 

The  anterior  wall  (paries  carotica)  is  narrowed  in  its  transverse  diameter  by 
the  approximation  of  the  outer  and  inner  boundaries  of  the  cavity,  and  in  its 
vertical  diameter  by  the  descent  of  the  roof  and  ascent  of  the  carotid  canal.  It 
presents  (Fig.  683)  two  parallel  canals,  one  above  the  other,  separated  by  a  thin 
lamella  of  bone,  the  processus  cochleariformis  (septum  canalis  musculo-tubarii). 
These  run  forwards  on  the  outer  wall  of  the  carotid  canal  and  open  in  the  angle 
between  the  petrous  and  squamous  parts  of  the  temporal  bone.  The  higher  and 
smaller  of  the  two  is  termed  the  canal  for  the  tensor  tympani  muscle  (semicanalis 
m.  tensoris  tympani),  and  lies  immediately  below  the  tegmen  tympani.  It  has  a 
diameter  of  about  2  mm.,  and  extends  on  to  the  inner  wall  of  the  tympanic  cavity 
above  the  anterior  part  of  the  fenestra  ovalis.  The  lower  and  larger  canal  gradu- 
ally increases  in  size  from  before  backwards,  and  forms  the  bony  part  of  the 
Eustachian  tube  (semicanalis  tubse  auditivae).  It  opens  on  the  anterior  wall  of  the 
tympanic  cavity  opposite  the  orifice  leading  into  the  mastoid  antrum.  Below  the 
orifice  of  the  Eustachian  tube  the  anterior  part  of  the  tympanic  cavity  is  separated 
from  the  ascending  portion  of  the  carotid  canal  by  a  thin  plate  of  bone  in  which 
there  are  sometimes  gaps  or  deficiencies.  It  is  perforated  by  a  small  canal,  the 
carotico-tympanic  canal,  which  transmits  the  small,  deep  petrosal  nerve  from  the 
sympathetic  plexus  of  the  carotid  artery  to  the  tympanic  plexus.  The  Eustachian 
tube  is  described  on  p.  753. 

The  outer  wall  (paries  membranacea)  is  formed  almost  entirely  by  the  mem- 
brana tympani  (Fig.  584),  which  closes  the  inner  extremity  of  the  external  auditory 
meatus,  and  is  fixed  throughout  the  greater  part  of  its  circumference  in  a  groove, 
the  sulcus  tympanicus.  The  bony  ring  containing  this  sulcus  is  deficient  superiorly 
where  it  exhibits  a  distinct  notch,  the  notch  of  Rivinus.  On  a  level  with  the  upper 
edge  of  the  membrane,  and  in  front  of  the  ring  of  bone  in  which  it  is  fixed,  is  the 
inner  end  of  the  Glaserian  fissure,  or  remnant  of  the  fissura  petro- tympanica.  This 
transmits  the  tympanic  branch  of  the  internal  maxillary  artery,  and  lodges  the 
processus  gracilis  and  anterior  ligament  of  the  malleus.  Close  to  the  inner 
extremity  of  the  fissure  is  the  canal  of  Huguier,  or  iter  chordae  anterius  through 
which  the  chorda  tympani  nerve  leaves  the  tympanum. 

Membrana  Tympani. — This  is  an  elliptical  disc,  its  greatest  diameter,  9  to 
10  mm.,  being  directed  from  above  and  behind,  downwards  and  forwards,  whilst 
its  least  diameter  is  from  8  to  9  mm.  Its  antero-inferior  portion  inclines  markedly 
inwards,  and  thus  the  membrane  is  placed  very  obliquely,  forming  an  angle  of 
about  55°  with  the  lower  and  anterior  walls  of  the  external  auditory  meatus ;  its 
antero-inferior  part  is,  therefore,  most  distant  from  the  outer  orifice  of  the  meatus. 
The  membrane  is  said  to  be  more  oblique  in  cretins  and  deaf  mutes,  and  more  per- 
pendicular in  musicians. 

The  circumference  of  that  portion  of  the  membrane  which  is  fixed  in  the  sulcus 
tympanicus  is  considerably  thickened,' and  is  named  the  annulus  fibro-cartilagineus. 
It  is  prolonged  from  the  anterior  and  posterior  extremities  of  the  notch  of  Eivinus 
to  the  short  process  of  the  malleus  in  the  form  of  two  ligamentous  bands,  the 
anterior  and  posterior  malleolar  folds  or  ligaments  (plica  malleolaris  anterior  et 
posterior).  The  small  triangular  portion  of  the  membrane  (Fig.  584)  situated  above 
these  folds  is  thin  and  lax,  and  constitutes  the  pars  flaccida  or  membrane  of 
Shrapnell;  the  main  portion  of  the  membrane  is,  on  the  other  hand,  tightly 
stretched  and  termed  the  pars  tensa.  A  small  orifice,  sometimes  seen  in  the  pars 
flaccida,  is  probably  either  a  pathological  condition  or  has  been  artificially  pro- 
duced during  manipulation.    The  handle  of  the  malleus  is  firmly  fixed  to  the  inner 
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surface  of  the  membrana  tympani  and  draws  its  central  portion  inwards,  rendering 
its  outer  aspect  concave.  The  deepest  part  of  this  concavity  corresponds  with  the 
lower  extremity  of  the  handle  of  the  malleus,  and  is  named  the  umbo  membranse 
tympanse  or  navel. 

The  membrane  tympani  consists  of  three  layers :  (1)  external,  integumentary 
(stratum  cutaneum)  ;  (2)  middle,  fibrous  (membrana  propria);  (3)  internal,  mucous 
(stratum  mucosum). 

The  external  layer  (stratum  cutaneum)  is  continuous  with  the  integumentary 
lining  of  the  meatus,  and  consists  of  a  thin  layer  of  cutis  covered  by  epidermis. 
The  cutis  is  thickest  near  the  circumference  ;  the  epidermis,  on  the  other  hand,  is 
thickest  near  the  centre  of  the  membrane. 

The  middle  layer  (membrana  propria)  consists  of  two  sets  of  fibres :  (a)  external 
or  radial  (stratum  radiatum),  situated  immediately  under  the  integument,  and 
radiating  from  the  handle  of  the  malleus  to  the  annulus  fibro-cartilagineus ; 
(h)  internal  or  circular  (stratum  circulare),  the  fibres  of  which  are  numerous 
near  the  circumference,  but  scattered  and  few  in  number  near  the  centre  of 
the  membrane  (Fig.  584).  Both  radial  and  circular  fibres  are  absent  from  the  pars 
flaccida,  which  is  constituted  merely  by  the  apposition  of  the  cutaneous  and  mucous 
layers.  Gruber  pointed  out  that,  in  addition  to  the  radial  and  circular  fibres,  there 
exists,  next  the  stratum  mucosum,  a  series  of  dendritic  or  branched  fibres,  which 
are  best  developed  in  the  posterior  part  of  the  membrane. 

The  internal  layer  (stratum  mucosum)  is  continuous  with  the  general  mucous 
lining  of  the  tympanum.  It  is  thicker  over  the  upper  part  of  the  membrane  than 
near  its  centre,  and  is  covered  by  pavement  epithelium. 

Otoscopic  Examination  of  the  Tympanic  Membrane  (Fig.  585).— Tlie  membrane,  in  the 
living,  is  of  a  "  pearl-gray  "  colour,  but  may  present  a  reddish  or  yellowish  tinge,  depending  upon 
the  condition  of  its  mucous  lining  and  on  the  condition  of  the  cutaneous  lining  of  the  meatus  ;  the 
posterior  segment  is  usually  clearer 
than  the  anterior.  At  the  antero- 
superior  part,  close  to  its  periphery, 
a  whitish  point  appears  as  if  pro- 
jecting towards  the  meatus  ;  this  is 
the  short  process  of  the  malleus. 
Passing  downwards  and  backwards 
from  this  point  to  the  umbo  is  a 
ridge  caused  by  the  handle  of  the 
malleus,  the  lower  extremity  of 
which  appears  rounded.  Two 
ridges,  corresponding  with  the  tym- 
pano-malleolar  folds,  extend  from 
the  short  process  of  the  malleus,  one 
forwards  and  upwards,  the  other 
backwards  and  upwards.  Behind, 
and  near  the  lower  extremity  of  the 
handle  of  the  malleus,  is  a  reddish 
or  yellowish  spot,  due  to  the  promontory  of  the  inner  tymj^anic  wall  shining  through.  If  the 
membrane  be  very  transparent,  the  long  process  of  the  incus  may  be  visible  behind  the  upper 
part  of  the  handle  of  the  malleus,  and  reaching  downwards  as  far  as  its  middle.  From  the  lower 
end  of  the  handle  of  the  malleus,  the  "  cone  of  light "  or  "  luminous  triangle "  extends  down- 
wards and  forwards,  its  apex  being  directed  towards  the  handle  ;  this  triangle  varies  in  size  in 
different  people.  A  line  prolonging  the  handle  downwards  divides  tlie  membrane  into  two  parts, 
while  another,  drawn  at  right  angles  to  this  through  the  umbo,  will  subdivide  it  into  four  quad- 
rants, viz.  postero-superior,  postero-inferior,  antero-superior,  and  antero-inferior  ;  this  subdivision 
is  useful  in  enabling  the  otologist  to  localise  and  describe  accurately  the  seat  of  lesions  in  the 
membrane. 

Vascular  and  Nervous  Supply  of  the  Membrana  Tympani. — The  arteries  are  arranged  in 
two  sets,  one  on  the  cutaneous  and  another  on  the  mucous  surface.  These  anastomose  by  means 
of  small  branches  which  pierce  tlie  membrane,  especially  near  its  periphery.  The  first  set  is 
chiefly  derived  from  the  deep  auricular  branch  of  the  internal  maxillary,  whilst  those  on  the 
mucous  surface  are  small  and  proceed  from  the  tympanic  branch  of  the  internal  maxillary,  and 
from  the  stylo-mastoid  branch  of  the  posterior  auricular.  The  veins  from  the  cutaneous  surface 
open  into  the  external  jugular ;  those  from  the  inner  surface  partly  into  the  venous  plexus  on 
the  Eustachian  tube,  and  partly  into  the  lateral  sinus  and  veins  of  the  dura  mater.  The  outer 
surface  of  the  membrane  receives  its  nerves  from  the  auriculo-temjooral  branch  of  the  fifth  and 
from  the  auricular  branch  of  the  vagus  ;  the  inner  surface,  from  the  nerve  of  Jacobson  (tympanic 
branch  of  the  glosso -pharyngeal).    The  lymphatics,  like  the  blood-vessels,  are  arranged  in  two 
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sets,  cutaneous  and  mucous,  which,  however,  communicate  freely  with  each  other.    Kessel  has 
described,  as  lymphatics  the  sj)aces  between  the  branches  of  Gruber's  dendritic  fibres. 

The  inner  wall  of  the  tympanic  cavity  (paries  labyrinthica)  is  formed  by  the 
outer  surface  of  the  internal  ear  or  labyrinth  (Fig.  583).    It  presents — (1)  a  rounded 
eminence,  the  promontory  (promontorium),  which  is  caused  by  the  first  coil  of  the 
cochlea,  and  is  grooved  for  the  tympanic  plexus  of  nerves.    (2)  An  oval  or  some- 
v^hat  reniform  opening,  the  fenestra  ovalis  sen  vestibuli,  v^hich  is  situated  above 
and  behind  the  promontory,  with  its  long  axis  directed  from  before  backwards. 
It  measures  3  mm.  in  length  and  IJ  mm.  from  above  downwards,  and  lies  at  the 
bottom  of  a  funnel-shaped  recess,  the  fossula  fenestras  vestibuli.    In  the  macerated 
bone  it  leads  into  the  vestibule  of  the  labyrinth,  but  is  closed  in  the  recent  state 
by  the  foot  of  the  stapes,  surrounded  by  its  ligamentum  annulare.    (3)  An  elevation, 
the  prominentia  canalis  facialis,  which  is  situated  above  the  fenestra  ovalis,  in  the 
recessus  epitympanicus.    This  indicates  the  position  of  the  upper  part  of  the 
aqueduct  of  Fallopius,  which  contains  the  facial  nerve  and  is  continued  backwards 
and  downwards  behind  the   tympanic   cavity,  to  end   at  the  stylo  -  mastoid 
foramen.    (4)  The  processus  cochleariformis,  or  septum  canalis  musculo-tubarii ; 
this  process  extends  Ijackwards,  above  the  anterior  end  of  the  fenestra  ovalis,  where 
it  makes  a  sharp  outward  curve,  and  forms  a  pulley  over  which  the  tendon  of  the 
tensor  tynipani  muscle  plays.    (5)  A  funnel-shaped  recess,  the  fossula  fenestras 
cochleae,  which  is  situated  behind  and  below  the  promontory,  and  almost  hidden  by 
its  overhanging  edge.    It  leads  forwards,  upwards,  and  inwards  to  an  irregularly 
oval  opening,  termed  the  fenestra  rotunda  seu  cochleae,  which  in  the  macerated  bone 
communicates  with  the  cochlea,  but  in  the  recent  state  is  closed  by  a  membrane, 
the  membrana  tympani  secundaria.    This  membrane  appears  angularly  bent  along  a 
line  joining  its  antero-inferior  two-thirds  with  the  postero-superior  third.  It 
consists  of  three  layers :  (a)  external,  continuous  with  the  mucous  lining  of  the 
tympanum  and  containing  a  network  of  capillaries ;  (b)  middle,  or  substantia 
propria,  the  fibres  of  which  radiate  chiefly  towards  the  periphery  of  the  membrane 
— some  branched,  dendritic  fibres  are  also  present ;  (c)  internal,  continuous  with 
the  epithelial  lining  of  the  labyrinth.    (6)  Between  the  fenestra  ovalis  above  and 
the  fossula  rotunda  below  is  a  small  circular  depression,  the  sinus  tympani,  which  is 
perforated  by  one  or  two  minute  foramina  for  blood-vessels,  and  indicates  the 
position  of  the  ampullated  extremity  of  the  posterior  semicircular  canal 

Mastoid  Antrum  and  Mastoid  Aie-cells. 

The  mastoid  antrum  (antrum  mastoideum  seu  tympanicum)  is  seen  in  the  tem- 
poral bone  at  ]:)irth  as  a  cavity,  having  a  vertical  measurement  of  7-9  mm.  and  a 
transverse  of  9-11  mm.,  and  is  nearly  as  large  in  the  newly-born  child  as  in  the 
adult.  Eoofed  in  by  the  tegmen  tympani,  its  floor  and  inner  wall  are  formed  by 
the  petro-mastoid,  while  exterually  it  is  closed  by  the  junction  of  the  thin  outer 
part  of  the  squama  with  the  pars  mastoidea.  It  communicates  with  the  epitympanic 
recess  by  a  triangular  or  rounded  opening,  on  the  inner  wall  of  which,  immediately 
above  and  behind  the  canalis  facialis,  is  a  smooth,  convex  area  of  bone  indicating  the 
position  of  the  ampullated  extremities  of  the  superior  and  external  semicircular 
canals.  At  birth  its  outer  wall  has  a  thickness  of  only  1-2  mm.,  but  by  the  ninth 
year  this  has  increased  to  about  10  mm.  Coincident  with  the  growth  of  the 
mastoid  process  the  mastoid  air-cells  are  developed  downwards  and  backwards  as 
diverticula  from  the  antrum,  and  present  the  greatest  possible  variations  in  different 
skulls.  They  may  be  large,  comparatively  few  in  number,  and  involve  the  whole 
process,  in  which  case  the  compact  bone  which  surrounds  them  is  extremely  thin, 
and  the  innermost  cells  are  only  separated  by  a  transparent  lamella  from  the  lateral 
sinus — a  lamella  which,  in  some  instances,  is  partly  deficient.  In  other  cases  the 
cells  may  l:)e  small  and  numerous,  only  invading  a  portion  of  the  process,  the  remainder 
consisting  of  diploetic  tissue,  definite  conclusion  can  be  come  to  as  to  their 

condition  by  external  percussion  or  examination.  A  solid  ]3rocess  is  occasionally 
seen.  The  air-cells  are  not  limited  to  the  mastoid  process,  but  extend  forwards 
over  the  roof  of  the  meatus,  upwards  towards  the  squama,  and  inwards  towards  the 
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temporo-occipital  suture,  whilst  in  a  few  cases  they  are  seen  to  invade  the  pars 
jugularis  of  the  occipital  bone.  They,  together  with  the  antrum,  are  lined  by  thin 
mucous  membrane  continuous  with  that  of  the  tympanic  cavity ;  the  deep  surface 
of  the  mucous  membrane  is  firmly  fixed  to  the  periosteum,  while  its  free  surface  is 
covered  by^a  layer  of  flattened,  non -ciliated  epithelium. 

Eustachian  Tube. 

The  Eustachian  tube  (tuba  auditiva  Eustachii)  leads  from  the  tympanic  cavity  to 
the  naso-pharynx,  and  transmits  air  to  the  former,  in  order  that  the  pressure  on  the 
inner  and  outer  surfaces  of  the  membrana  tympani  may  be  equalised ;  it^ay  also 
serve  to  convey  mucous  secretion  away  froni^  the  tymp)anic_^avity._  Its  outer 
extremity,  the  ostium  tympanicum  tubae  auditivse  (Fig.  583),  opens  into  the  anterior 
part  of  the  tympanic  cavity  below  the  canal  for  the  tensor  tympani  muscle. 
Directed  downwards  and  inwards,  the  tube  ends  on  the  upper  part  of  the  naso- 
pharynx by  a  wide  orifice,  the  ostium  pharyngeum  tubae  auditivse  (Fig.  555).  It 
measures  about  an  inch  and  a  half  (36  mm.) 
in  length,  and  forms  with  the  horizontal 
plane  an  angle  of  30°  to  40°,  with  the  sagittal 
plane  an  angle  of  about  45°,  and  with  the 
bony  part  of  the  external  meatus  one  of 
135°  to  140°.    It  consists  of  two  portions : 
(a)  an  antero-internal,  fibro-cartilaginous 
part,  the  pars  cartilaginea  tubse  auditivse, 
having  a  length  of  about  one  inch ;  and 
(5)  a  postero-external,  osseous  part,  the 
pars  ossea  tubse  auditivse,  measuring  half 
an  inch  in  length.    The  two  portions  are 
not  in  the  same  plane,  the  cartilaginous 
part  inclining  downwards  a  little  more 
than  the  osseoils  portion,  anJ'Wming  with 
it  a  wide  angle.    Its  lumen  is  widest  at 
the  ostium  pharyngeum,  narrowest  at  the 
junction  of  the  bony  and  cartilaginous 
portions,  forming  here  the  isthmus,  and 
again  expanding  towards  the  tympanic 
cavity ;  hence  it  presents,  on  longitudinal 
section,  somewhat  the  appearance  of  an 
hour-glass.    The  pars  ossea  occupies  the 
angle  between  the  squamous  and  petrous  parts  of  the  temporal  bone,  and  is  separated 
by  the  processus  cochleariformis  from  the  canal  containing  the  tensor  tympani  muscle,  "r  *^ 
whilst  immediately  to  its  inner  side  is  the  carotid  canal.    The  pars  cartilaginea  con- 
sists  partly  of  cartilage  and  partly  of  fibrous  membrane.    The  cartilage  (cartilago 
tubai  auditivse)  presents  the  form  of  an  elongated  triangular  plate,  of  which  the  apex  ^' 
is  firmly  attached  to  the  inner  end  of  the  pars  ossea,  while  the  base  is  free,  and  forms  ^^'^ 
a  projection  on  the  upper  and  posterior  aspects  of  the  pharyngeal  orifice.    The  ^ 
upper  edge  of  this  cartilaginous  plate  is  bent  outwards  in  the  form  of  a  hook,  and 
so  produces  a  furrow  open  below  and  externally,  the  furrow  being  converted  into 
a  complete  canal  by  the  fibrous  part  of  the  tube.    On  transverse  section  (Fig.  586) 
the  cartilage  presents  two  laminae  continuous  with  each  other  superiorly :  (a) 
lamina  medialis,  broad  and  thick ;  and  (&)  lamina  lateralis,  thin  and  hook-shaped. 
At  the  ostium  pharyngeum  the  lamina  medialis  forms  the  entire  inner  wall  of  the 
tube,  but  it  gradually  diminishes  in  breadth  on  approaching  the  isthmus  tubse. 
Fissures  are  often  seen  in  the  cartilage ;  sometimes  it  is  completely  separated  into 
several  pieces,  or  accessory  islands  may  be  observed  in  the  roof,  floor,  or  membranous 
part. 

The  upper  and  inner  aspects  of  the  cartilage  are  firmly  fixed  to  the  base  of  the 
skull,  where  it  lies  in  a  groove,  the  sulcus  tubae  auditivse,  situated  between  the  great 
wing  of  the  sphenoid  and  the  petrous-temporal.    Extending  forwards  on  to  the 
52 
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root  of  the  pterygoid  process  this  sulcus  ends  at  a  projection,  the  processus  tubarius, 
on  the  middle  of  the  internal  pterygoid  plate.  The  tensor  palati  muscle  lies  to 
the  outer  side  of  the  tube  and  receives  some  fibres  of  origin  from  its  lamina 
lateralis;  these  fibres  constitute  the  dilator  tubse  muscle  of  Eiidinger.  To  the 
inner  side  of  the  cartilage  are  found  the  levator  palati  and  the  mucous  membrane 
of  the  pharynx.  The  membranous  part  (lamina  membranacea)  consists  of  a  strong 
fibrous  membrane,  stretching  between  tjie^two  edges  of  the  cartilage,  and  so  com- 
pleting the  under  and  outer  parts  of  the  canal  Thin  a¥ove,  ft  becomes  thickened 
below  and  forms  the  fascia  salpingo-pharyngea  of  Troltsch,  which  gives  origin  to 
some  of  the  fibres  of  the  tensor  palati  muscle.  Between  this  fascia  and  the  mucous 
lining  of  the  tube  is  a  layer  of  adipose  tissue. 

The  pharyngeal  orifice  of  the  Eustachian  tube  (ostium  pharyngeum  tubiB),  tri- 
angular or  OA-al  in  shape,  is  situated  on  the  lateral  wall  of  the  naso-pharynx,  the 
centre_of_the_^openm  being  on  a  level  with  the  posterior  end  of  the  inferior  tur- 
bniated  bone.  It  is  bounded  above  and  behind  by  a  pad  or  cushion  produced  by 
tlieT^ioner  end  of  the  cartilage,  which  here  abuts  against  the  mucous  membrane. 
The  posterior  part  of  this  cushion  is  very  prominent  and  forms  the  anterior  boundary 
of  the  fossa  of  Rosenmiiller.  Prolonged  downwards  from  it  is  an  elevation 
of  the  mucous  membrane,  termed  the  plica  salpingo-pharyngea,  which  covers  the 
small  salpingo-pharyngeus  muscle.  From  the  upper  part  of  the  cushion  an  indis- 
tinct fold,  the  plica  salpingo-palatina,  extends  to  the  palate. 

The  mucous  lining  of  the  tube  is  continuous  behind  with  that  of  the  tympanic 
cavity,  and  in  front  with  that  of  the  naso-pharynx.  It  is  thin  in  the  pars  ossea, 
contains  few,  if  any,  mucous  glands,  and  is  firmly  fixed  to  the  bony  wall ;  whilst  in 
the  pars  cartilaginea  it  is  loose  and  thrown  into  longitudinal  folds.  Numerous 
mucous  glands  open  into  the  tube  near  its  pharyngeal  orifice,  and  here  also  there 
exists  a  considerable  amount  of  adenoid  tissue,  which  constitutes  the  "  tube-tonsil " 
of  Gerlach.  This  adenoid  tissue  is  continuous  with  that  of  the  naso-pharynx,  and, 
like  it,  is  especially  well  developed  in  children.  The  lumen  of  the  tube  is  lined 
with  ciliated  columnar  epithelium. 

The  tube  is  opened,  during  deglutition,  by  the  dilator  tuba3  and  salpingo- 
pharyngeus  muscles.  The  former  springs  superiorly  from  the  cartilaginous  hook  of 
the  tube,  and  blends  inferiorly  with  the  tensor  palati.  When  the  dilator  tubse 
contracts,  the  cartilaginous  hook  and  membranous  part  of  the  tube  are  drawn  out- 
wards and  forwards.  Some  anatomists  are  inclined  to  the  view  that  the  entire 
tensor  palati  acts  chiefly  as  a  dilator  of  the  tube,  and  Rlidinger  has  named  it  the 
abductor  tubfe.  The  salpingo-pharyngeus  muscle  draws  downwards  and  back- 
wards the  inner  cartilaginous  plate,  increasing  the  angle  between  it  and  the  outer 
plate.  Some  difference  of  opinion  exists  as  to  the  precise  action  of  the  levator 
palati ;  probably  it  assists  in  opening  the  tube. 

The  Eustachian  tube  receives  its  blood-supply  from  the  ascending  pharyngeal  artery  and 
from  the  middle  meningeal  and  Vidian  branches  of  the  internal  maxillary  artery.  Its  veins 
form  a  network  which  opens  into  the  pterygoid  venous  plexus.  The  sensory  nerves  of  the  tube 
are  derived  from  the  tympanic  plexus  and  from  the  pharyngeal  branches  of  the  second  division  of 
the  fifth  cranial  nerve. 

The  tube  of  the  child  differs  considerably  from  that  of  the  adult ;  its  lumen  is  relatively 
wider,  its  direction  more  horizontal,  and  its  pars  ossea  relatively  shorter.  Kunkel  states  that  its 
pharyngeal  orifice  is  below  the  level  of  the  hard  palate  in  the  foetus  ;  at  birth  it  is  on  the 
same  level  as  the  j)alate,  whilst  at  the  fourth  year  it  is  3  to  4  mm.,  and  in  the  adult  10  mm.,  above 
it.  The  pharyngeal  orifice  forms  a  narrow  fissure,  and  its  cartilage  projects  less  towards  the 
middle  line. 

Tympanic  Ossicles. 

The  tympanic  ossicles  (ossicula  auditus)  form  an  articulated  column  connect- 
ing the  outer  with  the  inner  wall  of  the  tympanic  cavity,  and  are  named,  from 
without  inwards,  the  malleus  or  hammer,  the  incus  or  anvil,  and  the  stapes  or 
stirrup.  The  first  is  attached  to  the  inner  surface  of  the  membrana  tympani ;  the 
last  is  fixed  within  the  circumference  of  the  oval  fenestra. 

The  malleus  (Fig.  587,  B,  D),  the  largest  of  the  three  ossicles,  has  a  length  of 
8  to  9  mm.,  and  consists  of  a  head  (capitulum  mallei),  a  neck  (collum  mallei),  and  a 
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handle  (manubrium  mallei),  together  with  two  processes,  viz.  :  («)  processus  longus 
seu  anterior,  (6)  processus  brevis  seu  lateralis.  The  head  and  neck  are  situated  in 
the  epitympanic  recess ;  the  processus  brevis  and  manubrium  are  fixed  to  the  inner 
surface  of  the  membrana  tympani ;  whilst  the  processus  longus  is  directed  forwards 
towards  the  Glaserian  fissure,  to  which,  in  the  adult,  it  is  connected  by  ligamentous 


A  SB  C 

Fig.  587. — Tympanic  Ossicles  of  Left  Ear  (enlarged  about  three  times). 

A,  Incus,  seen  from  the  front  ;  B,  Malleus,  viewed  from  behind  ;  C,  Incus,  and.  D,  Malleus,  seen  from  inner 

aspect  ;  E,  Stapes. 


1.  Body  of  incus,  with  articular 

surface  for  head  of  malleus. 

2.  Processus  longus. 

3.  Processus  lenticularis. 

4.  Articular  surface  for  incus. 

5.  Head. 

6.  Neck. 


7.  Processus  brevis. 

8.  Manubrium. 

9.  Body. 

10.  Short  process. 

11.  Long  ju'ocess. 

12.  Processus  longus. 

13.  Head. 


14.  Facet  for  incus. 

15.  Manubrium. 
IG.  Head. 

17.  Neck. 

18.  Crus  anterius. 

19.  Crus  postering. 

20.  Foot-plate. 


fibres.  The  head,  somewhat  rounded,  is  smooth  and  convex  above  and  in  front,  and 
presents,  on  its  posterior  aspect,  a  facet  for  articulation  with  the  body  of  the  incus. 
This  facet  is  directed  obliquely  downwards  and  inwards,  and  reaches  slightly  on  to 
its  mesial  surface.  More  or  less  elliptical  in  form,  it  is  constricted  near  the  middle 
so  as  to  resemble,  somewhat,  the  figure  8  ;  an  oblique  ridge,  corresponding  with  the 
constriction,  divides  the  facet  into  two  parts — an  upper  and  larger,  directed  back- 
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Short  process  of  incus 
Ligament  of  incus 


Cliorda  tympani jierve 
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Handle  of  malleus 


Foot  of  stapes 


Fig.  588.- 
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Osseous  part  of 
Eustachian  tube 
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-Left  Membrana  Tympani  and  Chain  of  Tympanic  Ossicles  (seen  from  inner  aspect),   x  -3. 


wards,  and  a  lower  and  lesser,  directed  inwards.  Opposite  the  lower  part  of  the 
constriction  the  inferior  edge  of  the  facet  is  very  prominent,  and  is  continued  up- 
wards into  the  oblique  ridge  just  referred  to ;  it  forms  a  tooth-like  process,  the  spur 
or 'cog-tooth  of  the  malleus.  On  the  back  of  the  head,  below  this  spur,  is  an  oblique 
crest,  the  crista  mallei,  to  which  is  attached  the  external  ligament  of  the  malleus. 
The  neck  is  the  slightly  constricted  portion  immediately  below  the  head.  Flattened 
from  before  backwards,  its  outer  surface  is  directed  towards  the  membrana  flaccida, 
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whilst  its  inner  is  crossed  by  the  chorda  tympani  nerve.  The  handle  is  directed 
downwards,  inwards,  and  backwards  from  the  neck,  forming  with  the  long  axis  of 
the  head  an  angle,  opening  inwards,  of  126°  to  150°.  Its  upper  part  is  ilattened 
from  before  backwards,  but  towards  the  lower  end  it  is  twisted  on  itself,  so  that  its 
surfaces  look  outwards  and  inwards ;  moreover,  the  lower  end  is  slightly  curved, 
the  concavity  being  directed  forwards  and  outwards.  It  is  fixed,  along  its  entire 
length,  to  the  membrana  propria  of  the  tympanic  membrane  by  its  periosteum  and 
by  a  layer  of  cartilage  (Gruber).  This  latter  intervenes  between  the  handle  and 
the  membrane,  and  must  be  regarded  as  a  residue  of  that  stage  of  development  when 
the  entire  malleus  was  cartilaginous.  On  the  inner  aspect  of  the  handle,  near  its 
upper  extremity,  a  slight  projection  for  the  attachment  of  the  tendon  of  the  tensor 
tympani  muscle  may  be  seen.  The  long  process  is  a  slender  spicule  springing  from 
the  fore-part  of  the  neck  and  directed  forwards  towards  the  G-laserian  fissure.  In 
the  foetus  it  constitutes  the  longest  process  of  the  malleus  and  is  directly  continuous 
with  Meckel's  cartilage.  In  the  adult  it  usually  assumes  the  form  of  a  small  pro- 
jection, since  its  anterior  part  is  represented  merely  by  fibrous  tissue.  The  short 
process  may  be  looked  upon  as  the  upper  extremity  of  the  handle  projected  out- 
wards ;  it  is  fixed  to  the  upper  part  of  the  membrana  tympani  hj  the  cartilaginous 
layer  already  referred  to,  and  to  the  extremities  of  the  notch  of  Eivinus  by  the 
anterior  and  posterior  malleolar  folds. 

The  incus  (Fig.  587,  A,  C)  is  best  likened  to  a  bicuspid  tooth  with  widely 
divergent  fangs.  It  consists  of  a  body  (corpus  incudis),  a  long  process  (crus  longum), 
and  a  short  process  (crus  breve) ;  the  two  processes  form  with  each  other  an  angle  of 
90"  to  100°.  The  body  and  short  process  are  situated  in  the  epitympanic  recess. 
The  body  presents  a  more  or  less  saddle-shaped  surface  for  articulation  with  the 
head  of  the  malleus.  This  surface  is  directed  forwards,  and  its  lower  part  is 
hollowed  out  for  the  accommodation  of  the  cog-tooth  of  the  malleus.  In  front  of 
this  hollow  it  is  prominent  and  spur-like.  The  short  process  is  thick,  triangular 
in  shape,  and  projects  horizontally  backwards ;  its  conical  extremity,  covered  with 
cartilage,  articulates  with  the  fossa  incudis  in  the  postero-inferior  part  of  the 
epitympanic  recess.  The  long  process  projects,  almost  perpendicularly,  downwards 
from  the  body  into  the  tympanic  cavity,  where  it  lies  parallel  with,  but  1^  mm. 
behind  and  internal  to,  the  handle  of  the  malleus.  Its  lower  end  is  bent  inwards 
and  narrowed  to  form  a  short  neck,  on  the  inner  extremity  of  which  is  a  small  knob 
of  bone,  the  processus  lenticularis,  for  articulation  with  the  head  of  the  stapes. 
Until  the  sixth  month  of  foetal  life  this  process  exists  as  a  separate  ossicle,  termed 
the  OS  orbiculare. 

The  stapes  (Fig.  587,  E)  presents  a  head  (capitulum  stapedis),  a  neck  (coUum 
stapedis),  two  crura  (crus  anterius  pt  posterius),  and  a  base  or  foot-plate  (basis 
stapedis).  The  head,  directed  outwards,  is  concave  externally  for  articulation 
with  the  processus  lenticularis  of  the  incus.  The  neck  is  the  slightly  constricted 
part  immediately  internal  to  the  head,  and  from  it  the  two  crura  spring ;  the 
tendon  of  the  stapedius  muscle  is  inserted  into  the  posterior  aspect  of  the  neck.  The 
anterior  crus  is  shorter  and  less  curved  than  the  posterior.  Diverging  from  each 
other,  the  crura  are  directed  inwards  and  are  attached — one  near  the  anterior,  the 
other  near  the  posterior  end  of  the  foot-plate.  The  foot-plate  almost  completely 
fills  the  oval  fenestra,  and,  like  it,  is  somewhat  oval  or  reniform,  its  anterior  end 
being  the  more  pointed.  In  the  recent  condition  a  membrane  fills  the  arch  formed 
by  the  crura  and  the  foot-plate,  the  crura  being  grooved  for  its  reception.  In  the 
child  the  crura  of  the  stapes  are  less  curved  than  in  the  adult,  and  the  opening 
bounded  by  them  and  the  foot-plate  is  nearly  triangular. 

Articulations  of  the  Tympanic  Ossicles. — The  joint  between  the  head  of  the 
malleus  and  the  body  of  the  incus  (articulatio  incudomalleolaris)  is  diarthrodial, 
and  may  be  described  as  one  of  reciprocal  reception.  It  is  surrounded  by  a  capsular 
ligament,  from  the  inner  surface  of  which  a  wedge-shaped  meniscus  projects  into  the 
joint  cavity  and  incompletely  divides  it.  The  articulation  of  the  processus  lenti- 
cularis and  the  capitulum  stapedis  (articulatio  incudostapedia)  is  of  the  nature  of 
an  enarthrosis  and  is  surrounded  by  a  capsular  ligament.  An  interarticular  carti- 
lage has  been  described  as  occurring  in  this  joint,  while  some  observers  deny  the 
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presence  of  a  synovial  cavity  and  regard  the  articulation  as  a  syndesmosis,  the 
articular  surfaces  being  held  together  merely  by  fibrous  tissue. 

Ligaments  binding  the  Ossicles  to  the  Walls  of  the  Tympanic  Cavity  (lig. 
ossiculorum  auditus). — The  malleus  is  attached  to  the  walls  of  the  tympanum  by 
three  ligaments  (Fig.  588),  viz.  anterior,  superior,  and  external.  The  anterior  liga- 
ment (lig.  mallei  anterius)  consists  of  two  portions  :  (a)  the  land  of  Meckel,  which  is 
attached  to  the  base  of  the  processus  longus,  and  passes  forwards  through  the 
Glaserian  fissure  to  reach  the  spine  of  the  sphenoid ;  it  represents  the  remnant  of  a 
portion  of  Meckel's  cartilage,  and  was  formerly  described  as  the  laxator  tympani 
muscle ;  (Jb)  a  firm  bundle  of  fibres,  the  lig.  mallei  anterius  of  Helmholtz,  which 
extends  from  the  spina  tympanica  posterior  at  the  anterior  boundary  of  the  notch 
of  Kivinus  to  the  anterior  aspect  of  the  malleus,  above  the  base  of  the  processus 
longus.  The  superior  ligament  (lig.  mallei  superius)  extends,  almost  vertically, 
from  the  head  of  the  malleus  to  the  roof  of  the  epitympanic  recess.  The  external 
ligament  (lig.  mallei  laterale)  is  short  and  fan-shaped ;  its  fibres  converge  from  the 
posterior  half  of  the  notch  of  Kivinus  to  the  crista  mallei.  The  posterior  part  of 
this  ligament  is  strong  and  constitutes  the  ligamentum  mallei  posticum  of  Helm- 
holtz. It  forms,  together  with  the  ligamentum  mallei  anterius,  the  axis  around 
which  the  malleus  rotates,  and  the  two  constitute  what  Helmholtz  has  termed  the 
"  axis-ligament  "  of  the  malleus. 

The  posterior  extremity  of  the  cms  breve  of  the  incus  is  tipped  with  cartilage 
and  fixed  by  means  of  a  ligament,  the  ligamentum  incudis  posterius  (Fig.  588),  to  the 
fossa  incudis.  Some  observers  describe  this  as  a  diarthrodial  joint.  A  superior 
ligament,  the  ligamentum  incudis  superius,  is  sometimes  present,  but  consists  mainly 
of  a  fold  of  mucous  membrane.  The  vestibular  surface  and  the  circumference  of 
the  foot  of  the  stapes  are  covered  by  hyaline  cartilage,  and  a  similar  layer  lines 
the  opening  of  the  fenestra  ovalis ;  that  encircling  the  base  of  the  stapes  is  joined 
to  that  which  lines  the  fenestra  by  a  dense  ring  of  elastic  fibres,  named  the 
ligamentum  annulare  baseos  stapedis.  The  posterior  fibres  of  this  annular  hgament 
are  thicker  and  shorter  than  the  anterior,  and  thus  the  anterior  end  of  the  foot- 
plate is  free  to  make  greater  excursions,  during  the  movements  of  the  bone,  than 
the  posterior. 

Development  of  the  Tympanic  Ossicles.— It  is  generally  maintained  that  the 
maheus  and  incus  are  developed  from  the  upper  end  of  Meckel's  cartilage,  and  that  the 
stapes  arises  from  the  mesoblast  in  the  region  of  the  fenestra  ovalis  where  it  is  developed 
around  a  small  artery,  the  stapedial  artery,  which  atrophies  in  man,  but  persists  in  many 
mammals.  On  the  other  hand,  Gadow  {Phil.  Trans.,  London,  vol.  clxxix.)  says  "the  whole 
system  of  the  one  to  four  elements  of  the  middle  ear,  which  have  all  the  same  function, 
is  to  be  looked  upon  as  one  organ,  of  one  common  origin,  viz.  a  modification  of  the  hyo- 
mandibula,  the  proximal  paramere  of  the  second  visceral  arch." 

Muscles  of  the  Tympanic  Cavity. — These  are  two  in  number,  viz.  m.  tensor 
tympani  and  m.  stapedius. 

The  m.  tensor  tympani  is  the  larger,  and  takes  origin  from  the  roof  of  the  carti- 
laginous part  of  the  Eustachian  tube  and  from  the  adjacent  part  of  the  great  wing  of 
the  sphenoid.  It  also  receives  some  fibres  from  the  bony  canal  in  which  it  lies,  and 
ends  in  a  tendon  which  bends  outwards,  nearly  at  a  right  angle  to  the  belly  of  the 
muscle,  round  the  pulley-like,  posterior  extremity  of  the  processus  cochleariformis. 
Passing  across  the  cavity  of  the  tympanum  this  tendon  is  inserted  into  the 
inner  edge  and  anterior  surface  of  the  manubrium  mallei,  near  its  upper  end. 
When  the  muscle  contracts  it  draws  inwards  the  handle  of  the  malleus,  and  so 
renders  tense  the  membrana  tympani ;  it  probably  also  slightly  rotates  the  malleus 
around  its  long  axis.  It  receives  its  nerve  from  the  motor  division  of  the  fifth 
cranial  nerve  through  the  otic  ganglion. 

The  m.  stapedius  arises  within  the  pyramid,  and  from  the  canal  which  prolongs 
the  hollow  of  the  pyramid  downwards.  Its  tendon  emerges  from  the  apex  of  the 
pyramid  and  is  inserted  into  the  posterior  surface  of  the  neck  of  the  stapes. 
On  contraction  it  draws  back  the  head  of  the  stapes,  and  so  tilts  the  anterior  end  of 
the  foot-plate  outwards  towards  the  tympanic  cavity  and  the  posterior  end  inwards 
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towards  the  labyrinth,  thus  rendering  tense  the  ligamentiim  annulare — the  outward 
movement  of  the  anterior  end  of  the  foot-plate  being  greater  than  the  inward  move- 
ment of  its  posterior  end.    The  muscle  is  supplied  by  the  facial  nerve. 

Movements  of  the  Tympanic  Ossicles. — The  manubrium  mallei  follows  all  the 
movements  of  the  membrana  tympani,  while  the  malleus  and  incus  move  together  around 
an  axis  extending  forwards  through  the  short  process  of  the  incus  and  the  anterior 
ligament  of  the  malleus.  When  the  membrana  tympani  moves  inwards  it  carries  with  it 
the  handle  of  the  malleus,  and  the  incus,  moving  inwards  at  the  same  time,  forces  the  foot 
of  the  stapes  towards  the  labyrinth.  This  inward  movement  is  communicated  to  the  fluid 
(perilymph)  in  the  labyrinth,  and  causes  an  outward  bulging  of  the  secondary  tympanic 
membrane,  which  closes  the  fenestra  rotunda.  These  movements  are  reversed  when  the 
membrana  tympani  is  relaxed,  unless  the  outward  movement  of  the  membrane  be  excessive. 
In  such  a  condition  the  incus  does  not  follow  the  full  outward  movement  of  the  malleus, 
but  merely  glides  on  this  bone  at  the  incudo-malleolar  joint,  and  thus  the  forcible 
dragging  of  the  foot  of  the  stapes  out  of  the  fenestra  ovalis  is  prevented.  The  cog-tooth 
arrangement,  already  described,  on  the  head  of  the  malleus  and  body  of  the  incus,  causes 
the  incudo-malleolar  joint  to  become  locked  during  the  inward  movements  of  the  handle 
of  the  malleus,  the  joint  becoming  unlocked  during  its  outward  movements. 

Mucous  Lining  of  the  Tympanic  Cavity  (tunica  mucosa  tympanica). — This  is 
continuous,  through  the  Eustachian  tube,  with  that  of  the  naso-pharynx ;  it  also 
extends  backwards  and  lines  the  mastoid  antrum  and  air-cells.  Thin,  transparent, 
and  closely  united  with  the  subjacent  periosteum,  it  covers  the  inner  aspect  of  the 
membrana  tympani  and  is  reflected  over  the  ossicles  and  their  ligaments.  It  also 
supplies  sheaths  for  the  tendons  of  the  tensor  tympani  and  stapedius  muscles,  and 
forms  the  following  mucous  folds,  viz. :  («)  one  from  the  roof  of  the  epitympanic 
recess  to  the  head  of  the  malleus  and  body  of  the  incus ;  (b)  one  enveloping  the 
chorda  tympani  nerve  and  long  process  of  the  incus ;  (c)  two  extending  from  the 
short  process  of  the  malleus — one  to  the  anterior,  the  other  to  the  posterior  margin 
of  the  notch  of  Eivinus.  A  recess,  the  pouch  of  Prussak,  is  situated  between  the 
membrana  flaccida  and  the  neck  of  the  malleus.  Communicating  behind  with  the 
tympanic  cavity,  this  pouch  may  serve  as  a  reservoir  to  confine  pus  or  other  fluid, 
since  its  opening  into  the  tympanum  is  above  the  level  of  its  floor,  a  condition 
analogous  to  the  opening  from  the  antrum  of  Highmore  into  the  nasal  cavity.  The 
fold  of  mucous  membrane  which  extends  downwards  to  envelop  the  chorda  tympani 
nerve  gives  rise  to  two  pouches,  one  in  front  of,  and  the  other  behind,  the  handle 
of  the  malleus ;  these  are  named  the  anterior  and  posterior  recesses  of  Troltsch. 
The  epithelium  which  lines  the  mucous  membrane  is  flattened  over  the  membrana 
tympani,  promontory,  and  ossicles,  but  ciliated  and  columnar  over  the  greater 
portion  of  the  rest  of  the  cavity. 

The  chorda  tympani  branch  of  the  facial  nerve  passes  from  behind,  upwards, 
and  forwards  through  the  tympanic  cavity.    Its  course  is  described  on  p.  687. 

Vessels  and  Nerves  of  the  Tympanic  Cavity. — The  arteries  which  supply  the  tympanic 
cavity  are  :  (1)  The  tympanic  artery,  a  branch  of  internal  maxillary,  which,  reaches  the  cavity  by 
way  of  the  Glaserian  fissure.  (2)  The  stylo-mastoid  branch  of  230sterior  auricular,  which  j)asses- 
through  the  stylo-mastoid  foramen  and  aqueduct  of  Fallopius  ;  it  supjDlies  branches  to  the  mastoid 
antrum  and  air-cells,  to  the  stapedius  muscle,  to  the  floor  and  inner  wall  of  the  tympanic  cavity,, 
and  forms  an  anastomotic  circle,  around  the  membrana  tympani,  with  the  tympanic  artery,  (d) 
The  middle  meningeal  artery  sends  a  branch  to  the  tensor  tympani  muscle,  and,  after  entering 
the  skull,  gives  off  its  petrosal  artery,  which  is  conducted  to  the  tympanum  along  the  hiatus 
Fallopii ;  some  twigs  from  the  posterior  division  of  the  middle  meningeal  reach  the  antrum  and 
epitympanic  recess  through  the  petro-squamous  fissure.  (4)  The  internal  carotid  artery,  in  its 
passage  through  the  canal  in  the  temporal  bone,  gives  off  one  or  two  tympanic  twigs,  while  (5)  a  , 
branch  from  the  ascending  pharyngeal  accompanies  the  nerve  of  Jacobson.  The  veins  drain 
their  contents  into  the  pterygoid  plexus,  the  middle  meningeal  vein,  and  superior  petrosal  sinus. 
The  nerves  which  sup23ly  the  muscles  of  the  tympanic  cavity  have  already  been  referred  to  (pj). 
757,  758),  The  mucous  membrane  receives  its  nerves  from  the  tymjDanic  jolexus,  which  is  described 
on  p.  690. 

±;arly  Condition  of  Tympanic  Cavity. — During  the  greater  part  of  intrauterine  existence 
the  tympanic  cavity  is  almost  completely  filled  by  a  soft,  reddish,  jelly-like  embryonic  tissue. 
The  ilarrow,  slit-like  sj^ace  is  lined  by  ej^ithelium,  which  is  ciliated  over  the  promontory,  but 
squamous  elsewhere.  Towards  the  end  of  foetal  life  the  gelatinous  tissue  becomes  thinned  and 
the  cavity  corres^^ondingly  enlarged.  At  birth  it  is  filled  with  fluid  which  becomes  absorbed., 
coincident  with  the  passage  of  air  from  the  nasq-pharynx  through  the  Eustachian  tube. 
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The  innermost,  and,  at  the  same  time,  the  essential  part  of  the  organ  of  hearing- 
is  situated  in  the  substance  of  the  petrous- temporal  bone,  and  consists  of  two  sets 
of  structures,  viz. :  (1)  a  series  of  cavities  hollowed  out  of  the  bone  and  constituting 
the  bony  labyrinth  (labyrinthus  osseus) ;  these  cavities^are  continuous  with  each 
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other,  and  are  named  from  before  backwards  the  cochlea,  vestibule,  and  semicircular 
canals  (Figs.  589,  590) ;  (2)  a  complex  arrangement  of  membranous  channels  (Fig. 
592),  situated  within,  but  not  nearly  filling,  the  bony  labyrinth  and  forming  the 
membranous  labyrinth  (labyrinthus  membranaceus).  These  channels  are  named  the 
ductus  cochlearis,  utricle,  saccule,  and  membranous  semicircular  canals ;  the  utricle 
and  saccule  are  lodged  within  the  bony  vestiljule. 
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Vestibule. — The  vestibule  forms  the  central  portion  of  the  osseous  labyrinth,  and 
communicates  behind  with  the  semicircular  canals  and  in  front  with  the  cochlea.  It 
is  somewhat  ovoid  in  shape,  its  long  axis  being  directed  forwards  and  outwards.  It 
measures  about  6  mm.  antero-posteriorly,  4-5  mm.  from  roof  to  floor,  and  about  3  mm. 
from  without  inwards.  Its  outer  wall  is  directed  towards  the  tympanic  cavity,  and 
in  it  is  seen  the  fenestra  ovalis,  which,  in  the  recent  state,  is  closed  by  the  foot  of 
the  stapes.  Its  inner  wall  corresponds  with  the  bottom  of  the  internal  auditory 
meatus,  and  presents,  at  its  antero-inferior  part,  a  rounded  depression,  the  recessus 
sphaericus,  which  lodges  the  saccule.  This  recess  is  perforated  by  some  twelve  or 
fifteen  small  foramina,. which  constitute  the  macula  cribrosa  media,  and  transmit  the 
filaments  of  the  auditory  nerve  for  the  supply  of  the  saccule.  The  recessus 
sphfericus  is  limited  above  and  behind  by  an  oblique  ridge,  the  crista  vestibuli,  the 
anterior  extremity  of  which  is  triangular  in  shape  and  named  the  pyramid  (pyramis 
vestibuli).  Posteriorly  this  crista  divides  into  two  limbs,  between  which  is  a  small 
depression,  the  recessus  cochlearis  of  Eeichert,  perforated  by  some  eight  small  fora- 
mina, which  give  passage  to  the  nervous  filaments  for  the  supply  of  the  posterior 
extremity  of  the  ductus  cochlearis.  Above  and  behind  the  crista  vestibuli,  in  the 
roof  and  inner  wall  of  the  vestibule,  is  an  oval  depression,  the  recessus  ellipticus, 
which  lodges  the  utricle.  The  pyramid  and  adjacent  part  of  the  recessus  elhpticus 
are  perforated  by  some  25-30  small  apertures,  which  constitute  the  macula  cribrosa 
superior  sen  major.  The  foramina  in  the  pyramid  transmit  the  nerves  to  the 
utricle ;  those  in  the  recessus,  the  nerves  to  the  ampullary  ends  of  the  superior 
and  external  semicircular  canals.  Behind  and  below  the  recessus  ellipticus  is  a 
furrow,  gradually  deepening  to  form  a  canal,  the  aqueductus  vestibuli,  which  passes 
backwards  through  the  petrous  bone,  arid  opens,  as  a  slit-like  fissure,  about  midway 
between  the  internal  auditory  meatus  and  the  groove  for  the  lateral  sinus.  This 
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aqueduct  measures  8-10  mm.  in  length,  and  gives  passage  to  the  ductus  endo- 
lymphaticus  and  a  small  vein.  The  posterior  part  of  the  vestibule  receives  the 
five  rounded  apertures  of  the  bony  semicircular  canals ;  its  anterior  part  leads,  by 
an  elliptical  opening,  into  the  scala  vestibuli  of  the  cochlea.  This  opening  is 
bounded  inferiorly  by  a  thin  osseous  lamella,  the  lamina  spiralis  ossea,  which 
springs  from  the  floor  of  the  vestibule  immediately  to  the  outer  side  of  the  recessus 
sphsericus,  and  forms,  in  the  cochlea,  the  bony  part  of  the  septum  between  the  scala 
tympani  below  and  the  scala  vestibuli  above.  From  the  anterior  part  of  the  floor 
of  the  vestibule  a  narrow  cleft,  the  fissura  vestibuli,  extends  forwards  into  the  bony 
canal  of  the  cochlea.  It  is  bounded  internally  by  the  lamina  spiralis  ossea  just 
referred  to,  and  externally  by  a  second,  smaller  lamina,  the  lamina  spiralis 
secundaria,  which  projects  inwards  from  the  outer  wall  of  the  cochlea.  These  two 
lamina  are  continuous  with  each  other  around  the  posterior  extremity  of  the 
fissure. 

Semicircular  Canals  (canales  semicirculares  ossei). — The  semicircular  canals 
(Figs.  589,  590),  three  in  number,  are  situated  above  and  behind  the  vestibule. 
They  are  distinguished  from  each  other  by  their  position,  and  are  named  superior, 
posterior,  and  external.  They  open  into  the  vestibule  by  five  apertures,  since  the 
inner  extremity  of  the  superior  and  the  upper  extremity  of  the  posterior  join  to 
form  a  common  canal  or  crus  commune.  Differing  slightly  in  length,  each  forms 
about  two-thirds  of  a  circle,  one  extremity  of  which  is  dilated  and  termed  the 
ampulla  (ampulla  ossea).  Somewhat  compressed  laterally,  their  greatest  internal 
diameter  is  from  1  to  1-5  mm.,  whilst  the  diameter  of  the  ampulla  is  about  2  mm. 

The  superior  semicircular  canal  (canalis  semicircularis  superior),  15-20  mm.  in 
length,  is  vertical  and  placed  transversely  to  the  long  axis  of  the  petrous  bone. 
Its  convexity  is  directed  upwards,  and  its  position  is  indicated  on  the  anterior  sur- 
face of  the  petrous-temporal  by  an  eminence.  Its  ampullated  end  (ampulla  ossea 
superior)  is  anterior  and  external,  and  opens  into  the  vestibule  immediately  above 
that  of  the  external  canalT  Its^pposite  extremity  joins  the  non-ampullated  end 
of  the  posterior  canaj_to  form  the  crus  commune,  which  is  about  4  mm.  in  length, 
and  opens  into  the  upper  and  inner  part  of  the  vestibule.  The  posterior  semicircular 
canal  (canalis  semicircularis  posterior)  is  the  longest  of  the  three  and  measures  from 
18-22  mm.  Its  ampullary  end  (ampulla  ossea  posterior)  is  placed  inferiorly,  and 
opens  into  the  lower  and  back  part  of  the  vestibule,  where  may  be  seen  some 
six  or  eight  small  apertures,  forming-  the  macjila  cribrosa^  inferior,  for  the  trans^ 
mission  of  the  nerves  to  this  ampu^.  Its  upper  extremity  ends  in  the  crus  commune. 
The  externaFcanal  (ctmalis  semicircularis  lateralis)  is  the  shortest.  It  measures 
from  12  to  15  mm.,  and  arches  nearly  horizontally  outwards.  Of  its  two  extremities 
the  external  is  ampullated  (ampulla  ossea  lateralis),  and  opens  into  the  vestibule 
immediately  above  the  fenestra  ovalis  and  in  close  relationship  to  the  ampullary 
end  of  the  superior  canal. 

Although  tlie  three  canals  are  generally  regarded  as  oj^ening  into  the  vestibnle  by  five  orifices, 
some  observers  incline  to  the  view  that  the  ampullary  ends  of  the  superior  and  external  canals 
form  a  common  orifice,  and  that,  consequently,  there  are  only  four  openings  for  the  three  canals. 

Cruni  Brown  {Joiirn.  Anat  and  Physiol.^  London,  vol  viii.)  pointed  out  "that  the 
exterior  canal  of  one  ear  is  very  nearly  in  the  same  plane  as  that  of  the  other  ;  while  the  superior 
canal  of  one  ear  is  nearly  parallel  to  the  posterior  canal  of  the  other." 

Cochlea.^ — When  freed  from  its  surroundings  the  cochlea  assumes  the  form  of 
a  short  cone  (Fig.  591);  the  central  part  of  its  base  (basis  cochleae)  corresponds 
with  the  bottom  of  the  internal  auditory  meatus,  whilst  its  apex  or  cupola  is 
directed  forwards  and  outwards,  and  comes  into  close  relation  with  the  canal  for  the 
tensor  tympani  muscle.  It  measures  about  9  mm.  across  the  base  and  about 
5  mm.  from  base  to  apex,  and  consists  of  a  spirally  arranged  tube,  which  forms  from 
2h  to  2 1  coils  around  a  central  pillar  termed  the  modiolus.  The  length  of  the  tube 
is  from  28  to  30  mm.,  and  its  diameter,  near  the  base  of  the  cochlea,  2  mm.  Its 
coils  are  distinguished  by  the  terms  basal,  central,  and  apical ;  the  first,  or  basal 
coil,  gives  rise  to  the  promontory  on  the  inner  wall  of  the  tympanum. 

^  In  the  following  description  the  cochlea  is  supposed  to  be  placed  on  its  base. 
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The  modiolus  is  about  3  mm.  in  height,  and  diminishes  rapidly  in  diameter  from 
base  to  apex,  while  its  tapered  extremity  fails  to  reach  the  cupola  by  a  distance  of 
1  mm.  Its  base  (basis  modioli)  corresponds  with  the  area  cochleae  on  the  fundus 
of  the  internal  auditory  meatus,  and  exhibits  the  tractus  spiralis  foraminosus,  which 
transmits  theTjgry^s^lorjthe  basal  and  central  cotiS3^^5MT<SicIiI^^  the  foramen 
centrale,  which  gives  p^ssa^e~tdTlie  nerves  for  the  apical  coil.  The  foramina  of  the 
tractus  spnili^^foraminosiis^ra^^  to  its  long  axis, 

but,  after  a  varying  distance,  they  bend  outwards  to  reach  the  attached  edge  of  the 
lamina  spiralis  ossea,  where  they  become  expanded  and  form  by  their  apposition  a 
spiral  canal,  the  canalis  spiralis  modioli  of  Rosenthal,  which  lodges  the  ganglion  of 
Corti,  or  ganglion  spirale  cochleae.  From  this  spiral  canal  numerous  small  foramina, 
for  the  transmission  of  vessels  and  nerves,  pass  outwards  to  the  free  edge  of  the 
lamina  spiralis.  The  lamina  spiralis  ossea,  a  thin,  flat  shelf  of  bone,  winds  round  the 
modiolus  like  the  thread  of  a  screw,  and,  projecting  about  half-way  into  the  cochlear 
tube,  incompletely  divides  it  into  two  passages,  of  which  the  upper  is  named  the 
scala  vestibuli ;  the  lower,  the  scala  tympani.  The  lamina  spiralis  ossea  commences 
at  the  floor  of  the  vestibule,  near  the  fenestra  rotunda,  and  ends  close  to  the  apex 
of  the  cochlea  in  a  sickle-shaped  process,  the  hamulus,  whicli  assists  to  form  an 
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aperture  named  the  helicotrema.  In  the  basil  coil  the  upper  surface  of  the  spiral 
lamina  forms  almost  a  right  angle  with  the  modiolus,  but  the  angle  becomes  more 
and  more  acute  on  ascending  the  tube.  In  the  lower  half  of  the  basil  coil  a  second 
smaller  bony  plate,  the  lamina  spiralis  secundaria,  projects  inwards  from  the  outer 
wall  of  the  cochlea  towards  the  lamina  spiralis  ossea,  without,  however,  reaching  it. 
If  viewed  from  the  vestibule  the  slit-like  fissura  vestibuli,  already  referred  to 
(p.  760),  is  seen  between  the  two  osseous  spiral  laminae.  A  membrane,  the  mem- 
brana  basilaris,  stretches  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
wall  of  the  cochlea,  and  completes  the  septum  between  the  scala  vestibuli  and 
scala  tympani,  but  the  two  scalte  communicate  with  each  other  through  the 
opening  of  the  helicotrema  at  the  apex  of  the  cochlea.  The  scala  tympani  begins 
at  the  fenestra  rotunda,  through  which,  in  the  macerated  bone,  it  communicates 
with  the  tympanic  cavity ;  in  the  recent  condition  the  fenestra  is  closed  by  the 
secondary  tympanic  membrane  {vide  p.  752).  At  the  commencement  of  the  scala 
tympani  a  crest,  termed  the  crista  semilunaris,  stretches  from  the  attached  margin 
of  the  lamina  spiralis  ossea  towards  the  orifice  of  the  fenestra  rotunda.  Close  to  this 
crest  is  seen  the  inner  orifice  of  the  aqueductus  cochleae,  a  canal  measuring  from  10 
to  12  mm.  in  length,  and  opening  on  the  under  aspect  of  the  petrous  bone  internal  to 
the  fossa  jugularis.  Through  it  there  is  established  a  communication  between  the 
scala  tympani  and  the  subarachnoid  space,  and  through  it,  also,  a  small  vein  passes 
to  join  the  inferior  petrosal  sinus.  The  scala  vestibuli,  the  higher  of  the  two 
passages,  begins  in  the  vestibule  ;  its  diameter  in  the  basal  coil  is  less  than  that  of 
the  scala  tympani,  but  in  the  upper  coils  it  exceeds  that  of  the  latter. 

Internal  Auditory  Meatus. — It  is  convenient,  at  this  stage,  to  study  the 
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Recess  us  utriculi 


Saccule 


fundus  of  the  internal  auditory  meatus,  which  has  been  referred  to  as  forming  the 
inner  wall  of  the  vestibule  and  the  base  of  the  modiolus.  It  is  divided  by  a  trans- 
verse ridge,  the  crista  transversa,  into  two  parts — an  upper  or  fossula  superior  and  a 
lower  or  fossula  inferior.  The  anterior  part  of  the  fossula  superior  is  termed  the 
area  facialis  and  exhibits  a  single  large  opening,  the  commencement  of  the  aque- 
duct of  Fallopius,  for  the  transmission  of  the  facial  nerve.  Its  posterior  part  is 
named  the  area  vestibularis  superior,  and  is  perforated  by  the  nerves  for  utricle  and 
ampullse  of  the  superior  and  external  semicircular  canals.  The  anterior  part  of 
the  fossula  inferior  is  termed  the  area  cochleae,  and  consists  of  the  canalis  centralis 
and  the  surrounding  tractus  spiralis  foraminosus,  for  the  passage  of  the  nerves  to 
the  cochlea.  Behind  the  area  cochleae,  and  separated  from  it  by  a  ridge,  is  the 
area  vestibularis  inferior,  which  transmits  the  nerves  to  the  saccule,  whilst  at  the 
posterior  part  of  the  fossula  inferior  is  seen  a  single  foramen,  the  foramen  singulare, 
which  gives  passage  to  the  nerves  for  the  ampulla  of  the  posterior  semicircular 
canal. 

MEMBKANOUS  LABYEINTH. 

The  membranous  labyrinth  (labyrinthus  menibranaceus)  assumes,  more  or  less 
closely  (Fig.  592),  the  form  of  the  bony  labyrinth  in  which  it  is  situated,  but  does 
not  nearly  fill  it.  It  contains  a  fluid  termed  endolymph,  while  the  interval  between 
it  and  the  bony  labyrinth  is  named  the  perilymphatic  space,  and  is  occupied  by  a 
fluid  termed  perilymph.  The  perilymphatic  space  in  the  vestibule  measures  about 
3  mm.  from  without  inwards,  and  about  3*5  mm.  from  Before^ackwards.    It  is 

continuous  behind  with  the 
perilymphatic  space  of  the 
semicircular  canals,  and 
opens  in  front  into  the  scala 
vestibuli.  At  the  apex  of 
the  cochlea  it  is  continuous 
through  the  helicotrema 
with  the  scala  tympani, 
which  is  shut  off  from~the 
tympanum  by  the  secondary 
tympanic  membrane.  It  is. 
^  ^  ^^^80  jprolonged  into  the 
/    ^  ^   aqueductus  cochlese,  at  the_ 

ex tiami^X^ojL -IZJlL?!^  - ^  communicate^  with    the    subarach noid  "space!  "The 

membranous  semicircular  canals  and  the  membranous  canal  of  the  cochlea  follow 
the  course  of  their  bony  tubes  and  lie  along  the  inner  aspect  of  their  outer  walls. 
The  bony  vestibule,  on  the  other  hand,  contains  two  chief  membranous  structures, 
the  utricle  and  saccule.  The  former  receives  the  extremities  of  the  membranous 
semicircular  canals,  whilst  the  latter  communicates  with  the  membranous  canal 
of  the  cochlea.  Moreover,  the  cavities  of  the  utricle  and  saccule  are  indirectly 
connected,  and  thus  all  parts  of  the  membranous  labyrinth  communicate  with 
each  other,  and  the  contained  endolymph  is  free  to  move  from  one  portion  to 
another.  The  vestibule,  also,  contains  the  ductus  endolymphaticus  and  the  com- 
mencement of  the  ductus  cochlearis. 

The  utricle  (utriculus),  the  larger  of  the  two  sacs  (Fig.  592),  occupies  the 
postero-superior  portion  of  the  bony  vestibule.  Its  highest  part,  or  recessus  utriculi, 
lies  in  the  recessus  ellipticus  and  receives  the  ampullae  of  the  superior  and  external 
membranous  semicircular  canals.  Its  central  part  receives  on  its  lateral  aspect  the 
non-ampullated  end  of  the  external  canal,  and  is  prolonged  upwards  and  backwards 
as  the  sinus  superior,  into  which  the  crus  commune  of  the  superior  and  posterior 
membranous  canals  open.  The  ampulla  of  the  posterior  membranous  canal  opens 
into  its  lower  and  inner  part,  or  sinus  inferior.  The  floor  and  anterior  wall  of  the 
recessus  utriculi  are  thickened  to  form  the  macula  acustica  utriculi,  to  which  are 
distributed  the  utricular  fibres  of  the  auditory  nerve.  Whitish  in  colour,  and  of 
an  oval  or  nearly  rhombic  shape,  this  macula  measures  3  mm.  in  length  and  2"3 
mm.  in  its  greatest  breadth. 
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592. — Diagrammatic  Representation  of  the  Different 
Parts  on  the  Membranous  Labyrinth.      ./  ,^ 
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The  saccule  (sacculus)  occupies  the  recessus  sphafricus,  in  the  lower  aud  fore-part 
of  the  vestibule  (Fig.  590).  Smaller  than  the  utricle,  it  is  of  an  oval  shape  and 
measures  3  mm.  in  its  longest,  and  about  2  mm.  in  its  shortest  diameter.  It  presents 
anteriorly  an  oval,  whitish  thickening,  the  macula  acustica  sacculi.  This  has  a 
breadth  of  about  1-5  mm.,  and  to  it  are  distributed  the  saccular  fibres  of  the  auditory 
nerve.  The  superior  extremity  of  the  saccule  is  directed  upwards  and  backwards^ 
and  forms  the  sinus  utricularis  sacculi,  which  abuts  against,  but  does  not  fuse 
with,  the  wall  of  the  utricle.  From  the  lower  part  of  the  saccule  a  short  canal, 
the  ductus  reuniens  of  Henseu,  opens  into  the  ductus  cochlearis,  a  short  distance 
in  front  of  its  vestibular  or  bhnd  extremity.  A  second  small  channel,  the  ductus 
endolymphaticus,  is  continued  from  the  posterior  part  of  the  saccule,  and,  passing 
between  the  utricle  and  the  inner  wall  of  the  vestibule,  is  joined  by  a  small  canal, 
the  ductus  utriculosaccularis,  which  arises  from  the  inner  aspect  of  the  utricle.  It 
then  enters  and  traverses  the  aqueductus  vestibuli  and  ends,  under  the  dura  mater 
on  the  posterior  surface  of  the  petrous  bone,  in  a  dilated  blind  extremity,  termed 
the  recessus  Cotugnii,  or  saccus  endolymphaticus  ;  this,  according  to  Eiidinger,  is, 
perforated  by  minute  foramina,  through  which  the  endolymph  may  pass  into  the 
meningeal  lymphatics. 

The  vestibule  also  contains  the  blind  extremity  (caecum  vestibulare)  of  the 
ductus  cochlearis,  w^hich  lies  immediately  below  the  saccule  in  the  recessus 
cochlearis  of  Eeichert ;  from  here  it  passes  forwards  into  the  spiral  tube  of 
the  cochlea. 

The  walls  of  the  utricle  and  saccule  are  composed  of  connective  tissue  wdiich 
blends,  along  their  attached  surfaces,  with  the  periosteal  lining  of  the  vestibule.  It 
is  modified  internally  to  form  a  homogeneous  membrana  propria,  which  is  covered 
by  a  layer  of  pavement  epithelium  and  is  thickened  at  the  macukie  acusticse. 
Towards  the  periphery  of  the  macukie  the  epithelium  is  cubical,  while  on  them 
it  is  columnar. 

The  structure  of  the  maculse  in  the  utricle  and  saccule  is  practically  the 
same  ;  two  kinds  of  cells  are  found,  viz.  («)  supporting  cells,  and  (b)  hair  cells.  The 
supporting  cells  are  some- 
what fusiform,  each  con- 
taining:, near  its  middle. 
Their 


branched,  deep  extremi- 
ties are  attached  to  the 
membrana  propria;  their 
free  ends  lie  between  the 
hair  cells  and  form  a  thin 
inner  limiting  cuticle. 
The  hair  cells  are  flask- 
shaped  and  do  not  reach 
the  membrana  propria, 
but  end  in  rounded  ex- 
tremities which  lie  be- 
tween the  supporting 
cells.  Each  contains,  at 
its  deepest  part,  a  large 
nucleus,  the  rest  of  the 
cell  being  granular  and 
pigmented.  From  the 
free  end  of  each  there 
projects  a  stiff,  hair-like 
process,  which,  on  the 
application  of  reagents, 
splits  into  several  finer  filaments, 
and  end  in  arborisations  around  the 


nucleus. 


JjUiuen  of  mem 
branous  canal 


rei-iosteu.m. 


B^iG.  593. 


-Transverse  Section  of  Human  Semicircular 
Canal  (Rildinger). 


The  nerve-fibres  pierce  the  membrana  propria^ 
deep  extremities  of  the  hair  cells.  A  collection 
of  small,  rhombic  crystals  of  carbonate  of  lime,  termed  otoconia,  adheres  to  each  of 
the  macular. 
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The  membranous  semicircular  canals  (ductus  semicirculares)  are  elliptical  on 
transverse  section  (Fig.  593),  and  are  attached  to  the  greater  circumference  of  the 
bony  tubes.  The  peripheral  portion  of  the  ellipse  is  fixed  to  the  periosteal  lining 
of  the  bony  canal,  whilst  the  opposite  part  is  free,  except  that  it  is  connected  by 
irregular  bands,  the  ligamenta  labyrinthi  canaliculorum,  which  pass  through  the  peri- 
lymphatic space  to  the  bony  wall.  Like  the  bony  canals,  each  of  the  membranous 
canals  is  dilated  at  one  extremity  into  an  ampulla  (ampulla  membranacea),  which 
is  especially  developed  towards  the  concave  aspect  of  the  tube.  While  the  mem- 
branous ampullse  nearly  fill  the  corresponding  portions  of  the  bony  tubes,  the 
calibre  of  the  remaining  parts  of  the  membranous  canals  is  only  equal  to  about 
one-fourth  of  that  of  the  osseous  canals. 

Each  membranous  canal  consists  of  three  layers,  viz. :  {a)  an  outer  fibrous 
stratum  which  contains  blood-vessels,  together  with  some  pigment,  and  fixes  the 
tube  to  the  bony  wall ;  (jb)  an  intermediate,  transparent  tunica  propria,  presenting 
a  number  of  papilliform  elevations  which  project  towards  the  lumen.  The  fibrous 
layer  and  tunica  propria  are  thinnest  along  the  attached  surface  of  the  tube,  and 
in  this  region  also  the  papilliform  elevations  are  absent ;  (c)  an  internal  epithelial 
layer,  composed  of  pavement  cells.  In  the  ampullae  the  tunica  propria  is  much 
thickened,  and  projects  into  the  cavity  as  a  transverse  elevation,  termed  the  septum 
transversum,  which,  when  seen  from  above,  is  somewhat  fiddle-shaped ;  its  most 
prominent  part  is  covered  by  auditory  epithelium  forming  the  crista  acustica,  at 
each  end  of  which  is  a  half-moon-shaped  border  of  small  columnar  cells,  the  planum 
semilunatum.  The  cells  covering  the  crista  acustica  consist  of  supporting  cells  and 
hair  cells,  and  are  similar  in  their  arrangement  to  those  in  the  macuke  of  the 
utricle  and  saccule.  The  hairs  of  the  hair  cells  are,  however,  considerably  longer, 
and  project  as  far  as  the  middle  of  the  ampullary  lumen.  In  fresh  specimens  they 
appear  to  end  free,  but  in  hardened  preparations  are  seen  to  terminate  in  a  soft, 
clear,  dome-like  structure,  the  cupola  terminalis,  which  is  striated,  the  stride  converg- 
ing towards  its  concavity.  The  nerves  form  arborisations  around  the  bases  of  the 
hair  cells. 

The  membranous  cochlea  (ductus  cochlearis  or  scala  media)  commences  in  the 


Fig.  594. — Section  across  the  Ductus  Cochlearis  (Retzius). 

recessus  cochlearis  of  the  vestibule  by  a  blind  extremity  (caecum  vestibulare),  close 
to  which  it  receives  the  ductus  reuniens  of  Hensen  {vide  p.  763).  It  forms  a 
spirally  arranged  canal  inside  the  bony  cochlea,  and  ends  at  the  apex  of  the  latter 
in  a  second  blind  extremity,  the  lagena,  or  caecum  cupulare,  which  is  fixed  to  the 
cupola  and  partly  bounds  the  helicotrema.  As  already  stated  {vide  p.  761),  the  mem- 
brana basilaris  extends  from  the  free  edge  of  the  lamina  spiralis  ossea  to  the  outer 
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wall  of  the  cochlea.  A  second,  more  delicate  membrane,  the  membrane  of  Reissner,  or 
membrana  vestibularis,  stretches  from  the  thickened  periosteum  covering  the  upper 
surface  of  the  lamina  spiralis  ossea  to  the  outer  cochlear  wall,  some  little  distance 
above  the  external  attachment  of  the  membrana  basilaris.  A  canal  is  thus  enclosed 
between  the  underlying  scala  tympani  and  the  overlying  scala  vestibuli,  and  con- 
stitutes the  membranous  cochlea  or  ductus  cochlearis.  Triangular  on  transverse 
section,  it  possesses  a  roof,  an  outer  wall,  and  a  floor,  and  is  lined  throughout  with 
epithelium  and  filled  with  endolymph.  On  its  floor  the  epithelium  is  greatly  modified, 
and  here  are  found  the  endings  of  the  cochlear  division  of  the  auditory  nerve. 

The  roof  or  vestibular  wall  of  the  ductus  cochlearis  is  formed  by  the  mem- 
brane of  Eeissner,  which  consists  of  a  delicate,  nearly  homogeneous  membrane, 
covered  on  its  two  surfaces  by  a  layer  of  epithelium.  Its  entire  thickness  is 
about  3  /X. 

The  outer  wall  of  the  ductus  cochlearis  (Fig.  595)  consists  of  the  periosteal 
lining  of  the  bony  cochlea,  which,  however,  is  much  thickened  and  greatly  modified 
to  form  what  is  termed  the  ligamentum  spirale  cochleae.  Occupying  the  whole  outer 
wall,  this  ligament  projects  inwards  interiorly  as  a  triangular  prominence,  the  crista 
basilaris,  to  which  the  outer  edge  of  the 
membrana  basilaris  is  attached.  The 
fibres  of  the  membrane  radiate  into  the 
ligament  in  the  form  of  a  series  of  bundles 
analogous  to  the  ligamentum  pectinatum 
ir  idis.  In  the  upper  part  of  the  ligamentum 
spirale  the  periosteum  is  of  a  reddish 
yellow  colour,  and  contains,  immediately 
under  its  epithelial  lining, numerous  small 
blood-vessels  and  capillary  loops,  forming 
the  stria  vascularis.  The  lower  limit  of 
this  stria  is  bounded  by  a  prominence, 
the  prominentia  spiralis,  in  which  is  seen 
a  vessel,  the  vas  prominens,  and  between 
this  prominence  and  the  crista  basilaris 
is  a  concavity,  the  sulcus  spiralis  externus. 
The  height  of  the  outer  wall  diminishes 
towards  the  apex  of  the  cochlea. 

The  floor  or  tympanal  wall  of  the 
ductus  cochlearis  is  formed  by  the  peri- 
osteum covering  that  portion  of  the 
lamina  spirahs  ossea  which  is  situated  to 
the  outer  side  of  Eeissner's  membrane, 
and  by  the  membrana  basilaris,  which 
stretches  from  the  free  edge  of  the  lamina 
spiralis  ossea  to  the  crista  basilaris.  On 
the  inner  part  of  the  membrana  basilaris 
the  complicated  structure  termed  the 
organ  of  Corti  is  situated.  The  lamina 
spiralis  ossea  consists  of  two  plates  of 
bone,  between  which  are  placed  the  canals 
for  the  branches  of  the  cochlear  nerve. 
On  the  upper  plate  the  periosteum  is 
thickened  and  modified  to  form  the  limbus 
laminae  spiralis,  the  outer  extremity  of 
which  forms  a  C- shaped  concavity,  the 
sulcus  spiralis  internus.  The  portions  of 
the  limbus  which  project  outwards,  above 
and  below  this  concavity,  are  termed 


Outer  attachment  of 
Reissner's  membrane 


Stria  vascularis 


Bony  wall  of  cochlea 


Fig.  595. — Transverse  Section  through  Outer 
Wall  of  Ductus  Cochlearis  (Schwalbe). 


respectively  the  labium  vestibulare  and  labium  tympanicum.  The  latter  is  perforated 
by  some  4000  small  apertures,  the  foramina  nervosa,  or  habenula  perforata,  for  the 
transmission  of  the  cochlear  nerves.    Externally  it  becomes  continuous  with  the 
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meinbrana  basilaris.  The  upper  surface  of  the  labium  vestibulare  presents  a 
number  of  furrows  crossing  each  other  nearly  at  right  angles,  and  intersecting  a 
series  of  elevations  which,  at  the  free  margin  of  the  labium,  form  a  row  of  tooth-like 
structures,  some  7000  in  number,  the  auditory  teeth  of  Huschke.  Covering  the 
limbus  is  a  layer  of  apparently  squamous  epithelium ;  the  deeper  protoplasmic 
portions  of  the  cells,  however,  with  their  contained  nuclei,  fill  up  the  intervals 
between  the  elevations  and  auditory  teeth.  This  layer  of  epithelium  is  continuous 
with  that  covering  the  under  surface  of  Eeissner's  membrane  and  with  that  which 
lines  the  sulcus  spiralis  internus. 

Membrana  Basilaris. — The  inner  part  of  this  membrane  is  thin,  and  supports 
the  organ  ot"  Corti ;  it  is  named  the  zona  arcuata,  and  reaches  as  far  as  the  foot- 
plate of  the  outer  rod  of  Corti.  Its  outer  part,  extending  from  the  foot-plate  of 
the  outer  rod  of  Corti  to  the  crista  basilaris,  is  thicker  and  distinctly  striated, 
and  is  termed  the  zona  pectinata.  The  substantia  propria  of  the  membrane  is 
almost  homogeneous,  but  exhibits,  in  its  deeper  part,  numerous  fibres.  These  fibres 
are  most  distinct  in  the  zona  pectinata,  and  number,  according  to  Eetzius,  about 
24,000.  Covering  the  under  surface  of  the  membrana  basilaris  is  a  layer  of  con- 
nective tissue,  which  contains,  in  its  inner  part,  small  blood-vessels,  one  of  which, 
larger  than  the  rest,  lies  below  the  tunnel  of  Corti  and  is  named  the  vas  spirale. 
The  width  of  the  membrana  basilaris  increases  from  210  /x  in  the  basil  coil  to  360  /x 
in  the  apical  coil. 

Organ  of  Corti  (Fig.  596). — Placed  upon  the  inner  portion  of  the  membrana 
basilaris,  the  organ  of  Corti  consists  of  an  epithelial  eminence  which  extends  along  the 
entire  length  of  the  ductus  cochlearis,  and  comprises  the  following  structures,  viz.  : 
(1)  Corti's  rods  or  pillars,  (2)  hair  cells  (inner  and  outer),  (3)  supporting  cells  of  Deiters, 
(4)  the  cells  of  Heusen  and  Claudius,  (5)  the  lamina  reticularis,  and  (6)  a  cuticular 
membrane,  the  membrana  tectoria. 

The  rods  of  Corti  form  two  rows,  inner  and  outer,  of  stiff,  pillar-like  structures,  and 
each  rod  presents  a  base  or  foot-plate,  an  intermediate  elongated  portion,  and  an  upper 
end  or  head.  The  bases  of  the  two  rows  are  planted  on  the  membrana  basilaris  some 
little  distance  apart.    The  intermediate  portions  incline  towards  each  other  and  the  heads 

Outer  rod  of  Corti 


Tunnel  of  Corti 

Fig.  596. — ^Transverse  Section  of  Corti's  Organ  from  the  Central  Coil  of  Cochlea  (Retzius). 

come  into  contact,  so  that,  between  the  two  rows  above  and  the  membrana  basilaris  below, 
there  is  enclosed  a  triangular  tunnel,  the  tunnel  of  Corti  ;  this  tunnel  increases  both  in 
height  and  width  on  passing  towards  the  apex  of  the  cochlea.  The  inner  rods  number 
nearly  6000,  and  the  head  of  each  resembles  somewhat  the  upper  end  of  the  ulna,  pre- 
senting a  deep  concavity,  externally,  for  the  reception  of  a  corresponding  convexity  on  the 
head  of  the  outer  rod.  The  part  of  the  head  which  overhangs  this  concavity  is  prolonged 
outwards,  under  the  name  of  the  head-plate,  and  overlaps  the  head  of  the  outer  rod.  The 
expanded  bases  of  the  inner  rods  are  situated  on  the  innermost  portion  of  the  membrana 
basilaris,  immediately  to  the  outer  side  of  the  foramina  nervosa  of  the  labium  tympanicum. 
The  intermediate  parts  of  the  inner  rods  are  sinuously  curved,  and  form,  with  the 


MEMBRANOUS  LABYRINTH. 


767 


membrana  basilaris,  an  angle  of  about  60°.  The  outer  rods  number  about  4000,  and  are 
longer  than  the  inner,  especially  in  the  upper  part  of  the  cochlea.  They  are  more  inclined 
towards  the  membrana  basilaris,  and  form  with  it  an  angle  of  about  40°.  The  head  of 
each  is  convex  internally,  to  fit  the  concavity  on  the  head  of  the  inner  rod,  and  is  prolonged 
outwards  as  a  plate,  the  phalangeal  process,  which  becomes  connected  with  the  lamina 
reticularis.  In  the  head  is  an  oval  body  which  has  an  affinity  for  certain  reagents.  The 
main  part  of  each  rod  consists  of  a  nearly  homogeneous  material,  which  is  finely  striated. 
At  the  bases  of  the  rods,  on  the  side  next  the  tunnel,  is  a  nucleated  mass  of  protoplasm 
which  reaches  as  far  as  the  heads  of  the  rods,  and  covers  also  the  greater  part  of  the 
tunnel  floor.  This  may  be  regarded  as  the  undifferentiated  part  of  the  cell  from  which 
the  rod  was  developed.  Slit-like  intervals,  for  the  transmission  of  nerves,  exist  between 
the  intermediate  portions  of  adjacent  rods. 

Hair  Cells. — These,  like  Corti's  rods,  form  two  sets,  inner  and  outer.  The  former 
consists  of  a  single  row  lying  immediately  internal  to  the  inner  rods — the  latter  of  three, 
or,  it  may  be,  four  rows  placed  to  the  outer  side  of  the  external  rods.  The  inner  hair 
cells  are  about  3500  in  number,  and  have  a  greater  diameter  than  the  inner  rods,  and  so 
each  is  supported  by  more  than  one  rod.  Somewhat  oval  in  shape,  their  free  extremities 
are  surmounted  by  about  twenty  fine  hair-like  processes,  arranged  in  the  form  of  a 
crescent,  with  its  concavity  directed  inwards.  The  deep  end  of  the  cell  is  rounded,  and 
contains  a  large  nucleus.  It  reaches  only  about  half-way  dow^n  the  rod,  and  in  contact 
with  it  are  the  arborisations  of  the  nerve  terminations.  To  the  inner  side  of  this  row  of 
hair  cells  are  two  or  three  rows  of  elongated  columnar  cells,  which  act  as  supporting  cells, 
and  are  continuous  with  the  low  columnar  cells  lining  the  sulcus  spiralis  internus.  The 
outer  hair  cells  number  about  12,000,  and  form  three  rows  in  the  basal  coil  and  four 
rows  in  the  upper  two  coils,  although  in  the  higher  coils  the  rows  are  not  so  regularly 
arranged.  Their  roimded  free  extremities  support  some  twenty  hairlets  arranged  in  the 
form  of  a  crescent,  opening  inwards.  Their  deep  extremities  reach  about  half-way  to  the 
membrana  basilaris,  and  are  in  contact  with  the  nerve  arborisations. 

Alternating  with  the  row^s  of  the  outer  hair  cells  are  the  rows  of  Deiters'  supporting 
cells,  the  lower  extremities  of  w^hich  are  expanded  on  the  membrana  basilaris,  whilst  their 
upper  ends  are  tapered  ;  the  nucleus  is  placed  near  the  middle  of  each  cell,  and,  in  addition, 
each  cell  contains  a  bright,  thread-like  structure  called  the  supporting  fibre.  This  fibre 
is  attached  by  a  club-shaped  base  to  the  membrana  basilaris,  and  expands,  at  the  free 
end  of  the  cell,  to  form  a  phalangeal  process  of  the  membrana  reticularis. 

The  cells  of  Hensen,  or  outer  supporting  cells,  consist  of  about  half  a  dozen  rows, 
immediately  outside  Deiters'  cells,  and  form  a  well-marked  elevation  on  the  floor  of  the 
ductus  cochlearis.  Their  deep  extremities  are  narrow  and  attached  to  the  membrana 
basilaris,  while  their  free  ends  are  expanded  ;  each  cell  contains  a  distinct  nucleus  and 
some  pigment  granules.  The  columnar  cells,  situated  externally  to  the  cells  of  Hensen, 
cover  the  outer  part  of  the  zona  pectinata,  and  are  named  the  cells  of  Claudius.  A  space, 
the  space  of  Nuel,  exists  between  the  outer  rods  of  Corti  and  the  neighbouring  row  of 
hair  cells.  It  communicates  internally  with  Corti's  tunnel,  and  extends  outwards  between 
the  outer  hair  cells  as  far  as  Hensen's  cells. 

The  lamina  reticularis  is  a  thin  cuticular  structure  which  lies  over  Corti's  organ, 
and  extends  from  the  heads  of  the  outer  rods  as  far  as  Hensen's  cells,  where  it  ends  in  a 
row  of  quadrilateral  areas  which  form  its  outer  border.  On  looking  at  it  from  above  it  is 
seen  to  consist  of  two  or  three  rows  of  structures,  named  phalanges,  which  are  elongated 
cuticular  plates  resembling  in  shape  the  digital  phalanges.  The  innermost  row  is  formed 
by  the  phalangeal  processes  of  the  heads  of  the  outer  row  of  Corti's  rods ;  the  succeeding 
row,  or  rows,  represent  the  expanded  upper  ends  of  Deiters'  supporting  cells.  The  number 
of  rows  of  phalanges,  therefore,  varies  with  the  number  of  rows  of  outer  hair  cells  and  the 
alternating  cells  of  Deiters.  The  phalanges  separate  the  free  ends  of  the  hair  cells  from 
each  other,  since  these  are  seen  to  occupy  the  somewhat  circular  apertures  between  their 
constricted  middle  portions. 

The  membrana  tectoria  (Fig.  596)  is  an  elastic  membrane  overlying  the  sulcus  spiralis 
internus  and  the  organ  of  Corti.  Attached,  by  its  inner  end,  to  the  limbus  laminae  spiralis, 
near  the  lower  edge  of  Reissner's  membrane,  it  reaches  outwards  as  far  as  the  outer  row 
of  hair  cells.  Its  inner  portion  is  thin  and  overlies  the  auditory  teeth  of  Haschke.  Its 
outer  part  is,  at  first,  much  thickened,  but  becomes  attenuated  near  its  external  border, 
which,  according  to  Retzius,  is  attached  to  the  outer  row  of  Deiters'  cells.  Its  lower  edge 
presents  a  firm,  homogeneous  border,  and  opposite  the  inner  row  of  hair  cells  contains  a 
clear,  spirally  arranged  band,  named  Hensen's  stripe.  Probably  the  membrana  tectoria 
acts  as  a  damper  comparable  to  the  otoconia  in  the  utricle  and  saccule. 
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Auditory  Nerve  (Fig.  597). — The  auditory  nerve  consists  of  two  main  parts, 
the  ramus  vestibularis  and  the  ramus  cochlearis  ;  as  the  former  traverses  the  internal 
auditory  meatus  it  presents  a  gangliform  swelling,  the  ganglion  of  Scarpa.  The 
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Fig.  597. — Membranous  Labyrinth  of  a  Five  Months'  Fcetus,  viewed  from  its  postero-mesial 

aspect  (Retzius). 

ramus  vestibularis  divides  into  three  branches,  the  filaments  of  which  pass  through 
the  foramina  in  the  area  vestibularis  superior,  and  are  distributed  to  the  macula 
acustica  utriculi  and  the  ampullae  of  the  superior  and  external  semicircular  canals. 
The  ramus  cochlearis  gives  off  a  branch  to  the  macula  acustica  sacculi  and  another 
to  the  ampulla  of  the  posterior  semicircular  canal.  The  former  exhibits  a  gangli- 
form swelling  beyond  which  its  filaments  pass  through  the  foramina  in  the  area 

vestibularis  inferior  ;  the  latter  is  trans- 
mitted through  the  foramen  singulare, 
and  in  this  part  of  its  course  the  nerve 
possesses  two  gangliform  enlargements. 
The  remainder  of  the  ramus  cochlearis 
is  distributed  to  the  hair  cells  of  Corti's 
organ,  the  branches  for  the  basal  and 
middle  coils  entering  the  foramina  in 
the  tractus  spiralis  foraminosus,  those 
for  the  apical  coil  passing  up  through 
the  canalis  centralis  of  the  modiolus. 
Extending  upwards,  in  the  bony  canals 
of  the  modiolus,  the  nerve-fibres  radiate 
outwards  between  the  lamellae  of  the 
lamina  spiralis  ossea.    Contained  in  the 


Fig.  598. 


-Part  of  Cochlear  Nerve,  highly 
magnified  (Henle). 


spiral  canal  of  the  modiolus,  near  the  attached  margin  of  the  lamina,  is  a  ganglion 
which  winds  spirally  round  the  modiolus,  and  is  named  the  ganglion  spirale  or 
ganglion  of  Corti  (Fig.  598).  It  consists  of  bipolar  nerve-cells,  and  each  nerve 
fibre,  probably,  has  its  continuity  interrupted  by  one  of  these  cells.  Beyond  the 
ganglion  spirale  the  nerve-fibres  extend  outwards,  at  first  in  bundles,  and  then 
in  a  more  or  less  continuous  sheet,  from  the  outer  edge  of  which  they  are  again 
collected  into  bundles,  which  pass  through  the  foramina  nervosa  of  the  labium 
tympanicum.  Beyond  this  they  appear  as  naked  axis -cylinders,  and,  turning 
in  a  spiral  manner  (inner  or  first  spiral  fasciculus),  send  fibrillse  towards  the 
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inner  row  of  hair  cells.  Other  fibrils  pass  outwards  between  the  inner  rods 
and  form  a  second  spiral  fasciculus  in  Corti's  tunnel,  from  which  fibrils  extend 
outwards  across  the  tunnel,  and,  passing  between  the  outer  rods,  enter  Nuel's 
space.  They  form  a  spiral  fasciculus  on  the  inner  aspect  of  each  row  of  Deiters' 
cells,  and  from  these  fasciculi  fibrillae-  pass  towards  the  bases  of  the  outer  hair  cells. 

Scliwalbe  divides  tlie  auditory  nerve  into  three  portions,  viz.  :  (1)  ramus  utriculo-ampullaris, 
corresponding  with  the  ramus  vestibularis  already  described  ;  (2)  ramus  sacculo-ampullaris,  for 
the  saccule  and  posterior  ampulla  ;  and  (3)  ramus  cochlearis,  for  the  ductus  cocblearis. 

Vessels  of  the  Internal  Ear. — The  auditory  artery,  a  branch  of  the  basilar,  enters  tlie  internal 
auditory  meatus  and  divides  into  vestibular  and  cochlear  branches.  The  vestibular  branch  sup- 
plies the  soft  tissues  in  the  vestibule  and  semicircular  canals,  each  canal  receiving  two  arteries, 
which,  starting  from  opposite  extremities  of  the  canal,  anastomose  on  the  summit  of  the  arch. 
The  cochlear  branch  divides  into  numerous  twigs,  which  enter  the  foramina  in  the  tractus 
spiralis  foraminosus,  and  run  outwards  in  the  lamina  spiralis  ossea  to  reach  the  soft  structures  ; 
the  largest  of  these  arteries  runs  in  the  canalis  centralis.  The  stylo-mastoid  artery  also  supj)lies 
some  minute  branches  to  the  cochlea.  Siebenmann  describes  the  auditory  artery  as  dividing  into 
three  branches,  viz.  :  (1)  anterior  vestibular,  (2)  cochlear  proj)er,  and  (3)  vestibulo-cochlear.  The 
veins  from  the  cochlea  and  vestibule  unite  at  the  bottom  of  the  meatus  with  the  veins  from  the 
semicircular  canals  to  form  the  internal  auditory  vein,  which  may  either  open  into  the  posterior 
part  of  the  inferior  petrosal  sinus  or  into  the  lateral  sinus.  Small  veins  also  pass  through  the 
aqueductus  cochleae  and  aqueductus  vestibuli,  the  former  opening  into  the  inferior  petrosal  sinus 
or  into  the  internal  jugular  vein,  the  latter  into  the  superior  petrosal  sinus. 
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lining  of  the  labyrinth  is  derived  from  an  invagination  of  the  cephalic 
the  auditory  pit,  which  appears  opposite  the  hind  brain  immediately 


otic  vesicle 


The  epithelial 
ectoderm,  termed 
above  the  first 
visceral  cleft. 
The  mouth  of 
tlie  pit  is  closed 
by  the  growing 
together  of  its 
margins,  and  it 
then  assumes  the 
form  of  a  hollow 
vesicle,  the  otic 
vesicle,  lined  by 
epithelium ;  the 
vesicle  sinks  into 
the  subjacent 
mesoderm,  and 
is  met  by  the 
auditory  nerve 
growing  out 
from  the  neural 
crest.  The  vesi- 
cle soon  becomes 
pear-shaped  ;  its 
upper  tapering 
part  is  named  the 
recessus  laby  - 
rinthi,  and  forms 

the  future  ductus  endolymphaticus.  About  the  fifth  week,  the  lower  part  of  the  vesicle 
is  prolonged  forwards  as  a  tubular  elongation,  the  future  ductus  cochlearis.  This  is  at 
first  straight,  but  soon  becomes  curved  on  itself,  so  that  at  the  twelfth  week  all  three  coils 
are  differentiated.  From  the  upper  part  of  the  vesicle  the  semicircular  canals  are  developed, 
and  appear  as  hollow,  disc-like  evaginations,  the  central  parts  of  the  two  w^alls  of  which 
coalesce  and  disappear,  leaving  only  the  peripheral  rings  or  canals.  The  three  canals  are 
free  about  the  beginning  of  the  second  month,  and  are  developed  in  the  following  order, 
viz.  :  superior,  posterior,  and  external.  The  intermediate  part  of  the  otic  vesicle  represents 
the  vestibule,  and  is  divided  by  a  constriction  into  an  anterior  part,  the  saccule,  communi- 
cating with  the  ductus  cochlearis,  and  a  posterior  portion,  the  utricle,  receiving  the  ex- 
tremities of  the  semicircular  canals.  The  constriction  extends  for  some  distance  into 
53 


In 


Rudiment  of  ductus  coclilearis- 


FiG.  599. — Sections  through  the  Region  of  the  Hind  Brain  of  Foetal  Rabbits 
(to  illustrate  the  develoi^ment  of  the  labyrinthine  epithelium). 

A  the  ectoderm  is  invaginated  to  form  the  auditory  pit  ;  in  B  the  auditory  pit  is  closed 
and  detached  from  the  ectoderm,  forming  the  otic  vesicle  ;  while  C  shows  a  furtlier 
stage  in  the  development  of  the  vesicle. 
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the  ductus  endolymphaticus,  and  thus  the  utricle  and  saccule  are  only  indirectly  connected 
by  a  Y-shaped  tube.     Another  constriction  makes  its  appearance  between  the  saccule 

and  the  ductus  cochlearis  near  its 
commencement,  and  forms  the 
canalis  reuniens  of  Hensen.  The 
epithelial  lining  is  at  first  columnar, 
but  becomes  cubical  throughout  the 
whole  labyrinth,  except  opposite  the 
terminations  of  the  auditory  nerve, 
where  it  forms  the  columnar  epi- 
thelium of  the  maculae  of  the  utricle 
and  saccule,  of  the  cristee  ampullse, 
and  of  the  organ  of  Corti.  On  the 
floor  of  the  ductus  cochlearis  two 
ridges  appear,  of  which  the  inner 
forms  the  limbus  laminge  spiralis, 
whilst  the  cells  of  the  outer  become 
modified  to  form  the  rods  of  Corti, 
the  hair  cells,  and  the  supporting 
cells  of  Deiters'and  Hensen. 

The  mesoderm  surrounding  the 
otic  vesicle  is  differentiated  into  : 
(1)  a  fibrous  layer,  the  wall  of  the 
membranous  labyrinth  ;  (2)  a 
cartilaginous  external  capsule,  the 
future  petrous  bone  ;  and  (3)  an 
is  ultimately  absorbed  to  form  the  peri- 


Coclilear 
part 


Saccule 


600. 


Left  labyrinth  of  a  liumaii  embryo  of  about  four  weeks  ;  B, 
Left  Labyrinth  of  a  human  embryo  of  about  five  weeks  (from 
W.  His,  jun. ) 


intervening  layer  of  gelatinous  tissue,  which 
lymphatic  space  between  the  bony  and  membranous  labyrinths. 


OKGANS  OF  TASTE. 

The  peripheral  organs  of  the  sense  of  taste  (organon  gustus)  consist  of  groups  of 
modified  epithelial  cells,  termed  the  taste  buds,  which  are  found  on  certain  parts  of 
the  tongue  and  its  immediate  neighbourhood. 

Taste  buds  are  present  in  large  numbers  around  the  circumference  of  the 
papillae  vallatse,  while  some  are  also  found  on  their  opposing  walls  (Fig.  601).  They 


1- 
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A  B 
Fig.  601. 

A,  Section  through  a  papilla  vallata  of  human  tongue.         B,  Section  through  a  part  of  the  papilla  foliata 

of  a  rabbit. 

1.  Papilla.         2.  Vallum         3.  Taste  buds.         4.  Papillte.         5.  Taste  buds.         6.  Duct  of  serous  gland. 

are  very  numerous  over  the  fimbri^B  linguae,  which  correspond  with  the  papillae  foliatse 
of  the  tongue  of  the  rabbit,  and  are  also  found  over  the  posterior  part  and  sides  of 
the  tongue,  either  on  the  papillae  fungiformes  or  throughout  the  stratified  epithelium. 
They  exist,  also,  on  the  buccal  surface  of  the  soft  palate  and  on  the  posterior  aspect 
of  the  epiglottis. 
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Structure  of  Taste  Buds  (Fig.  602). — They  are  oval  or  flask  -  shaped,  and 
occupy  nests  in  the  stratified  epithelium  of  the  regions  mentioned.  The  deep 
extremity  of  each  is  somewhat  expanded  and  rests  upon  the  corium ;  the  free  end 
is  perforated  by  a  minute  pore,  termed  the  gustatory  pore.  They  consist  of  modified 
epithelial  cells,  which  are  grouped  under  the  two  varieties  of — (a)  supporting  cells, 


Gustatory  hairs 


B 

Fig.  602. 

A,  Three-quarter  surface  view  of  taste  "bud  from  the  B,  Vertical  section  of  taste  bud  from  the  papilla 

papilla  foliata  of  a  rabbit  (highly  magnified).  foliata  of  a  rabbit  (highly  magnified). 

and  (&)  gustatory  cells  (Fig.  603).  The  supporting  cells  are  elongated,  nucleated 
spindles,  and  are  mostly  arranged  like  cask  staves  to  form  the  outer  envelope  of 
the  bud.  Some  are,  however,  found  in  the  interior  of  the  bud,  amongst  the  gustatory 
cells.  The  latter  occupy  the  centre  of  the  bud,  and  present  a  nucleated  cell-body, 
which  is  XDrolonged  into  a  peripheral  and  a  central  process.  The  peripheral  process 
is  rod-like  and  almost  hyaline,  and  terminates  at  the  gustatory  pore  in  a  hair- 
like filament,  gustatory  hair.  The  central 
process  passes  inwards  towards  the  deep 
extremity  of  the  bud,  where  it  ends  free, 
either  in  a  single  varicose  filament  or  by 
becoming  bifurcated  or  branched. 

Nerves  of  Taste.  —  The  nerve  which 
supplies  the  taste  buds  over  the  anterior 
part  of  the  tongue  is  probably  the  chorda 
tympani,  which,  although  a  branch  of  the 
facial  nerve,  is  generally  regarded  as  being 
continuous  with  the  pars  intermedia  of 
Wrisberg  ;  that  for  the  posterior  part  is  the 
glosso- pharyngeal.  The  internal  laryngeal 
branch  of  the  vagus  nerve  supplies  the 
epiglottis,  together  with  a  small  area  of  the 
tongue  immediately  in  front  of  it.  The  nerve 
fibrils,  having  lost  their  medullary  sheaths,  ramify  partly  between  the  gustatory 
cells  and  partly  amongst  the  cells  of  the  bud  capsule.  It  was  formerly  thought 
that  the  nerve-fibrils  were  directly  continuous  with  the  central  ends  of  the 
gustatory  cells,  but  this  view  is  no  longer  entertained. 

The  ducts  of  Ebner's  glands  open  into  the  bottom  of  the  valleys  surrounding 
the  papillae  vallatse,  and  the  serous-like  secretion  of  these  glands  probably  washes 
the  free  hair-like  extremities  of  the  gustatory  cells,  and  so  renders  them  ready  to 
be  stimulated  by  successive  substances.  It  should  be  added  that  there  is  a  close 
association  between  the  senses  of  smell  and  taste.  This  can  be  best  appreciated  by 
considering  the  defective  taste  perceptions  resulting  from  inflammatory  conditions 
of  the  nasal  mucous  membrane,  or  the  common  practice  of  holding  the  nose  in 
order  to  minimise  the  taste  of  nauseous  drugs. 


Fig.  603, 


Isolated  Cells  from  Taste  Bud 
OF  Rabbit  (Engelmann), 
Supporting  cells.         t,  Gustatory  cells. 


772 


THE  SKIN  OE  INTEGUMENT. 


THE  SKIN  OR  INTEGUMENT. 


ORGANS  OF  TOUCH. 


Duct  of 
sweat  oland 


The  Skin. 

The  skin  (integumentum  commune)  covers  the  body,  and  is  continuous,  at  the 
orifices  on  its  surface,  with  the  mucous  lining  of  its  alimentary  and  other  canals.  It 
contains  the  peripheral  terminations  of  the  sensory  nerves,  and  serves  as  an  organ 
of  protection  to  the  deeper  tissues.  It  is  the  chief  factor  in  the  regulation  of  the 
body  temperature,  and  by  means  of  the  sweat  and  sebaceous  glands,  which  open  on 
its  free  surface,  constitutes  an  important  excretory  structure.    Its  superficial  layers 

are  modified  to 
form  appendages 
in  the  shape  of 
hairs  and  nails. 

The  superficial 
area  of  the  skin 
averages  about  one 
and  a  half  square 
metres,  whilst  its 
thickness  varies 
from  0*5  to  4  mm., 
being  greatest  on 
the  palms  of  the 
hands  and  soles  of 
the  feet,  and  on  the 
back  of  the  neck 
and  shoulders,  and 
least  on  the  eyelids 
and  penis.  It  is 
very  elastic  and 
resistant,  and  its 
colour,  determined 
partly  by  its  own 
pigment  and 
partly  by  that  of 
the  blood,  is 
deeper  on  exposed 
parts  and  in  the 
regions  of  the  geni- 
tals, axillte,  and 
mammary  areolae, 
than  elsewhere. 

The  colour  also  varies  with  race  and  age,  the  different  races  of  the  world  being 
roughly  classified,  according  to  the  colour  of  their  skin,  into  the  three  groups 
of  white,  yellow,  and  black.    Pinkish  in  colour  in  childhood,  the  skin  assumes  a 


Fig.  604. 


Papilla  of  hai 
Vertical  Section  of  the  Skin  (schematic) 


Oblique  section  through 
a  Pacinian  corpuscle 


yellowish  tinge  in  old 


while  in  certain  diseases  {e.g.  icterus  and  melasma 


Addisonii)  it  undergoes  marked  alteration. 

The  surface  of  the  skin  is  perforated  by  the  hair  follicles  and  by  the  ducts  of  the 
sweat  and  sebaceous  glands,  and  on  the  palms,  soles,  and  flexor  aspect  of  the  digits 
it  presents  numerous  permanent  ridges  (cristae  cutis)  which  correspond  with  rows 
of  underlying  papillae.  Over  the  terminal  phalanges  these  ridges  form  distinctive 
patterns,  which  are  retained  from  youth  to  old  age,  and  are  utilised  for  purposes  of 
identification.  Folds  of  the  skin  (retinacula  cutis)  are  seen  in  the  neighbourhood 
of  the  joints,  and  it  can  be  thrown  into  wrinkles  by  the  contraction  of  the  sub- 
cutaneous muscles,  where  these  exist.    Over  the  greater  part  of  the  bod}^  ifc  is  freely 
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movable ;  but  on  the  scalp  and  outer  surface  of  the  pinna,  as  well  as  on  the  palms 
and  soles,  it  is  bound  down  to  the  subjacent  tissues. 

The  skin  consists  of  two  strata,  viz. :  a  deep,  termed  the  dermis  or  corium,  and 
a  superficial,  named  the  epidermis  (Fig.  604). 

The  corium  gives  elasticity  and  sensibility  to  the  skin,  and  consists  essentially 
of  a  felted  interlacement  of  connective  tissue  and  elastic  fibres.  In  its  deeper  part, 
or  stratum  reticulare,  the  fibrous  bundles  are  coarse  and  form  an  open  network,  in 
the  meshes  of  which  are  vessels,  nerves,  pellets  of  fat,  hair  follicles,  and  glands. 
This  reticular  stratum  passes,  as  a  rule,  without  any  line  of  demarcation,  into  the 
panniculus  adiposus  or  subcutaneous  fatty  tissue,  but  in  some  parts  it  rests  upon  a 
layer  of  striped  or  unstri^Ded  muscular  fi])res — the  latter  in  the  case  of  the  scrotum. 
In  the  superficial  layer,  or  stratum  papillare,  of  the  corium,  the  connective  tissae- 
bundles  are  finer  and 
form  a  close  network. 
Projecting  from  its  free 
surface  are  numerous 
finger -like,  single,  or 
branched  elevations, 
termed  papillae  (Fig. 
605),  the  free  ends  of 
which  are  received  into 
corresponding  depres- 
sions on  the  under  sur- 
face of  the  epidermis. 
These  papillae  vary  in 
size,  being  small  on  the 
eyelids,  but  large  on  the 
palms  and  soles,  where 
they  may  attain  a  length 
of  2'2b  /X,  and  produce 
the  permanent  curved 
ridges  already  alluded 
to.  Each  ridge  usually 
contains  two  rows  of 
papillae,  between  which 
the  ducts  of  the  sweat 
glands  pass  to  reach 
the  surface.  The 
papillae  consist  of  fine 
connective  tissue  and 
elastic*  fibres,  mostly  arranged  parallel  to  the  long  axis  of  the  papilla.  The 
majority  contain  capillary  loops,  but  some  the  terminations  of  nerves.  The 
superficial  surface  of  the  corium  is  covered  by  a  thin,  homogeneous  basement 
membrane. 

The  epidermis  covers  the  corium ;  it  is  non-vascular  and  consists  of  stratified 
epithelium.  Its  superficial  layers  are  modified  to  form  the  stratum  corneum,  or  horny- 
layer  of  the  skin,  which  may  be  separated  by  maceration  or  blistering  from  the  deeper, 
softer  portion,  or  stratum  mucosum  (Malpighi).  The  epidermis  consists  from  within 
outwards  of  the  following  five  strata  (Fig.  605) : — 

1.  The  basilar  layer,  or  stratum  germinativum,  which  comprises  a  single  stratum 
of  nucleated  columnar  cells  planted  by  denticulated  extremities  on  the  basement 
membrane  of  the  corium. 

2.  The  stratum  mucosum,  which  consists  of  six  or  eight  layers  of  polygonal, 
nucleated  prickle  "  or  "  finger  "  cells,  the  processes  of  which  join  those  of  adjacent 
cells.  Between  the  cells  of  this  layer  are  minute  channels,  in  which  leucocytes  or 
pigment  granules  may  be  seen.  The  cells  of  the  stratum  mucosum  are  charac- 
terised by  the  presence  of  numerous  epidermic  fibrils,  which  are  coloured  violet  by 
ha^matoxylin  and  red  by  carmine.  These  fibrils  are  unaffected  by  boiling,  but 
swell  up  under  the  action  of  acids  and  alkalies,  and  form  the  filaments  of  union 

53  a 


Fig.  605. 


Blood-vessels 
and  nerves 


-Vertical  Section  of  Epidermis  and  Papilla  of  Corium 
(highly  magnified). 
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between  adjacent  cells.  On  account  of  their  presence,  L.  Eanvier  {Conift.  rend., 
Paris,  Jan.  1899,  tome  cxxviii.)  has  named  this  layer  the  stratum  filamentosum. 
The  dark  colour  of  the  negro's  skin  is  caused  by  the  presence  of  numerous  pigment 
granules  in  the  deeper  layers  of  this  stratum  ;  the  pigment — of  which  melanin 
forms  an  important  constituent — is  absent  from  the  more  superficial  layers  of  the 
epidermis. 

3.  The  stratum  granulosum,  which  comprises  two  or  three  layers  of  horizontally 
arranged,  flattened  cells,  scattered  around  the  nuclei  of  which  are  elliptical  or 
spherical  granules  of  eleidin,  a  substance  staining  deeply  with  carmine,  and  probably 
representing  an  intermediate  stage  between  the  protoplasm  of  the  deeper  cells  and 
the  keratin  of  the  superficial  layers. 

4.  The  stratum  lucidum,  which  is  an  apparently  homogeneous  layer,  but  is  in 
reality  made  up  of  several  strata  of  flattened  or  irregular  squames,  some  of  which 
may  contain  eleidin  granules. 

5.  The  stratum  corneum,  which  comprises  several  layers  of  flattened  non- 
nucleated  squames,  the  more  superficial  of  which  are  from  time  to  time  removed 
by  friction,  and  may  be  seen  partly  detached  on  the  surface.  Eanvier  named  these 
partly  detached  squames  the  stratum  disjunctum.  The  deeper  cells  contain  granules 
of  a  fatty  material  which  has  the  consistency  and  plasticity  of  beeswax,  and  stains 
with  osmic  acid.  The  peripheral  parts  of  the  cells  consist  of  keratin,  a  highly 
resistant  substance  which  is  unaffected  by  mineral  acids,  and  is  indigestible  in 
pepsin-hydrochloric  acid.  Macleod  {Proceedings  of  the  Anatomical  Society  of 
Great  Britain  and  Ireland,  May,  1902)  found  that  after  digestion  of  the  stratum 
corneum  in  the  latter  fluid  the  cells  "presented  the  appearance  of  a  fine  network, 
like  a  honeycomb,  the  contents  of  which  had  completely  gone.  The  periphery  of 
the  cell  alone  resisted  the  action  of  the  pepsin  and  had  become  keratinised." 

L.  Ranvier  {op.  cit.)  lias  pointed  out  that  the  stratum  lucidum  is  really  double,  and  Las  named 
the  deejDer  of  its  two  layers  tlie  stratum  intermedium  ;  this  he  describes  as  consisting  of  two  or 
three  layers  of  clear  cells  with  atro23liied  nuclei,  while  in  the  cell- walls  the  epidermic  fibrils  "are 
rolled  up  like  tlie  threads  of  a  cocoon." 

Regeneration  of  the  epidermis  is  generally  regarded  as  taking  place  by  cell  proliferation  in 
the  stratum  germinativum,  the  young  cells  gradually  passing  through  the  polyhedral  and 
granular  stages,  and  ultimately  becoming  the  horny  squames  of  the  stratum  corneum.  Professor 
Thomson  of  Oxford  considers  that,  although  this  view  meets  all  the  requirements  in  white  races, 
a  difliculty  is  met  with  if  it  is  apj)hed  to  coloured  races,  where  most  pigment  is  found  in  the 
deeper  cells  of  the  stratum  mucosum,  while  the  sujoerficial  layers  are  free  from  colour.  If  the 
deeper  cells  advance  to  the  surface,  it  is  only  reasonable  to  sup230se  that  they  would  carry  their 
pigment  with  them.  This  theory,  therefore,  necessitates  a  satisfactory  exjDlanation  of  the 
disappearance  of  the  j)igment  from  the  superficial  layers.  He  suggests  that  possibly  the  growth 
of  the  epidermis  is  analogous  to  the  growth  of  the  cork  cambium  of  plants,  the  stratum  mucosum 
corresponding  to  the  green  cells,  and  the  stratum  corneum  to  the  corky  layer  of  the  cambium.  If 
such  be  the  case — and  he  insists  that  there  is  much  evidence  in  suj^port  of  it — the  deeper  cells 
would  advance  inwards  towards  the  corium,  and  the  su23erficial  cells  would  grow  outwards  towards 
the  surface.  Under  this  view  the  active  layers  would  be  the  stratum  granulosum  and  stratum 
lucidum,  and  by  it  man}^  of  the  difficulties  would  be  exj^lained,  including  the  mysterious  dis- 
ap23earance  of  the  pigment  from  the  superficial  layers ;  it  would  also  afford  a  reasonable  explanation 
of  how  it  liaj^j^ens  that,  in  old  age,  a  negro's  hair  becomes  white,  while  his  skin  retains  its 
blackness. 

Vessels  and  Nerves  of  the  Skin. — The  arteries  form  a  plexus  in  the  sub- 
cutaneous tissue  from  which  branches  extend  into  the  corium,  where  they  supply 
the  hair  follicles  and  glands,  and  form  a  second  plexus  under  the  papilhe,  to  which 
small  loops  are  given.  The  veins  and  lymphatics  commence  in  the  papilhe,  and, 
after  forming  a  subpapillary  plexus,  open  into  their  respective  subcutaneous  vessels. 

The  nerves  of  the  skin  vary  in  number  in  different  parts  of  the  body,  being 
extremely  numerous  where  the  sense  of  touch  is  acute,  e.g.  on  the  palmar  aspect 
of  the  terminal  phalanges,  while  in  the  skin  of  the  back,  where  the  sensibility  is 
less,  they  are  fewer  in  number.  They  form  a  plexus  in  the  corium,  and  either 
terminate  amongst  the  cells  of  the  epidermis,  or  in  special  end  organs  named 
tactile  corpuscles.  Those  ending  in  the  epidermis  form  a  rich  subepithelial  plexus, 
from  which  delicate  fibrils  pass  between  the  cells  of  the  rete  mucosum,  where  they 
become  beaded,  and  end  in  rounded  swellings  on  flattened  discs — the  tactile  discs 
of  Ranvier. 
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The  special  end  organs  are  of  three  chief  varieties  (Fig.  606) :  (a)  Corpuscula 
bulboidea  (Krausii),  found  on  the  hps,  glans  penis,  etc.,  and  consisting  of  a  connective 
tissue  capsule  enclosing  a  core  of  elongated  and  polygonal  cells,  amongst  which  the 
axis-cylinder  of  the  nerve  fibril  becomes  branched  and  its  ramifications  end  in 
clubbed  extremities,  (h)  Corpuscula  lamellosa  (Vateri  and  Pacini).  These  are 
small,  oval  bodies,  with  a  long  diameter  of  2  to  3  mm.,  and  are  found  in  the 
subcutaneous  tissue  attached  to  the  nerve  trunks.  They  are  very  numerous  on 
the  digital  nerves,  but  are  present  in  many  other  situations,  e.g.  in  the  mesentery. 
Each  possesses  a  sheath,  consisting  of  a  number  of  concentrically  arranged  connective 
tissue  lamellae,  covered  by  endothelium  continuous  with  the  perineurium.  The 
central  part  of  each  corpuscle  consists  of  a  soft,  almost  homogeneous  core.  The 
nerve-fibre  passes  along  the 
centre  of  the  stalk  of  the 
corpuscle, and, reaching  the 
core,  loses  its  medullary 
sheath,  whilst  its  axis- 
cylinder  passes  into  the 
core  and  becomes  branched 
near  its  distal  extremity, 
the  branches  ending  in 
bulbous  enlargements,  (c) 
Corpuscula  tactus  (Meis- 
sneri).  These  are  very 
numerous  on  the  flexor 
aspect  of  the  hands  and 
feet,  and  especially  so  in 
the  skin  over  the  terminal 
phalanges ;  but  they  also 
exist  in  other  parts  of  the 
body.  They  occupy  certain 
of  the  papillae  of  the  corium, 

and  are  oval  in  shape,  their  long  diameter  in  the  hand  being  from  110^  to  160/x. 
They  consist  of  a  connective  tissue  capsule,  which  sends  imperfect  septa  into  the 
interior  of  the  corpuscle.  One  or  two  nerve-fibres  perforate  the  capsule,  either 
directly  or  after  taking  a  spiral  course  around  it ;  and  losing,  as  a  general  rule, 
their  medullary  sheath,  their  axis-cylinders  break  up  into  fibrils,  which  end  in 
globular  or  discoid  enlargements. 

Ruffiiii  has  described  a  special  variety  of  terminal  corjDiiscle  in  the  human  finger.  They  are 
termed  RufRni's  endings,  and  are  situated  either  at  the  junction  of  the  corium  and  subcutaneous 
tissue,  or  are  embedded  in  the  latter.  Of  an  oval  shape,  they  consist  of  a  connective  capsule 
within  which  the  axis-cylinder  divides  into  varicose  filaments,  and  these  terminate  in  small 
knobs. 


Fig.  606.-  Tactile  Corpuscles. 


A,  End  bulb  (Krause). 

B,  Corpuscle  of  Pachii 


C,  Corpuscle  of  Meissuer  j 


(after  Ranvier). 


Appendages  of  the  Skin. 

The  appendages  of  the  skin  comprise  the  nails,  the  hairs,  the  sebaceous,  and  the 
sudoriparous  or  sweat  glands. 

Nails. — The  nails  or  ungues  (Figs.  607,  608)  are  epidermal  structures,  and,  in 
man,  represent  the  hoofs  and  claws  of  the  lower  animals.  The  root  of  the  nail,  or 
radix  unguis,  is  hidden  from  view  and  embedded  in  a  fold  of  skin  ;  the  body  (corpus 
unguis),  or  uncovered  part,  rests  on  the  corium  and  ends  in  a  free  edge  (margo 
liber).  The  greater  part  of  the  lateral  margins  is  overlapped  by  a  duplicature 
of  skin,  termed  the  nail-wall  or  vallum  unguis.  The  nails  are  pink  in  colour,  with 
the  exception  of  a  small  semilunar  area  near  the  root,  which  is  more  opaque  than 
the  rest,  and  is  named  the  lunula.  The  lunulse  diminish  in  size  from  the  thumb 
towards  the  little  finger,  while  the  thickness  of  the  nail  diminishes  towards  its  root 
and  lateral  margins.  The  corium  under  the  nail  is  highly  vascular  and  sensitive, 
and  presents,  especially  under  the  anterior  part  of  the  body,  numerous  longitudin- 
ally arranged  papilbne.  The  part  of  the  corium  under  the  body  is  termed  the  nail 
"bed ;  that  under  the  root,  the  nail  matrix.    The  deep  part  of  the  nail  consists  of 
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the  stratum  germinativum  and  stratum  mucosum,  while  its  superficial  horny  portion 
is  constituted  by  a  greatly  thickened  stratum  lucidum,  and  consists  of  nucleated, 
keratinised  squames.  The  stratum  corneum  is  represented  by  the  thin  cuticular 
fold  overlapping  the  lunula,  and  termed  the  eponychium,  while  the  stratum  granu- 
losum  can  only  be  traced  as  far  forwards  as  the  nail  root. 


-Vallum 


Terminal 
phalanx 


Fig.  607. — Transverse  Section  of  a  Nail.  c-'^N 

Hairs. — Hairs  (pili)  are  well  developed  on  the  scalp,  pubes,  and  margins  of  the 
eyelids,  in  the  axilla,  the  vestibule  of  the  nose,  and  at  the  entrance  to  the  concha, 
and  also  on  the  face  of  the  male.  Those  on  the  genitals  and  face  appear  about 
puberty.  Eudimentary  over  the  greater  part  of  the  body,  they  are  entirely  absent 
on  the  flexor  surfaces  of  the  hands  and  feet,  over  the  dorsal  aspect  of  the  terminal 


Fig.  608. — Longitudinal  Section  through  Root  of  Nail. 


phalanges,  the  glans  penis,  the  inner  surface  of  the  prepuce,  and  inner  aspect  of  the 
labia.  Marked  variations,  individual  and  racial,  exist  as  to  the  colour  of  the  hair, 
and  also  as  to  the  manner  of  its  growth  ;  hence  the  terms  straight,  curly,  woolly, 
etc.  are  used  to  designate  it.  Straight  hairs  are  coarser  than  curly  ones,  and  have, 
moreover,  a  circular  or  oval  outline  on  transverse  section,  curly  hairs  being  flat 
and  riband-like. 

The  root  of  the  hair  (radix  pili)  is  embedded  in  a  depression  of  the  skin,  termed 
the  hair  follicle  (Fig.  604) ;  while  the  free  portion  is  named  the  stem  or  shaft,  and 
consists  from  witliout  inwards  of  three  parts,  viz.  cuticle,  cortex,  and  medulla.  The 
cuticle  is  formed  by  a  layer  of  imbricated  scales  which  overlap  one  another  from 
below  upwards.  The  cortex  consists  of  longitudinally  arranged  fibres  made  up  of 
elongated,  closely  applied,  fusiform  cells,  which  contain  pigment  and  sometimes  air 
spaces,  the  latter  especially  in  white  hairs.  The  medulla,  absent  from  the  fine 
hairs  of  the  body  generally  and  from  the  hairs  of  young  children,  forms  a  central 
core,  which  appears  black  by  transmitted,  and  white  by  reflected  light,  and  is 
composed  of  polyhedral  nucleated  cells  containing  pigment,  fat  granules,  and  air 
spaces. 

The  hair  follicle  (folliculus  pili)  consists  of  an  oblique  or  curved — the  latter  in 
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curly  hairs — invagination  of  the  epidermis  and  corium,  which  in  the  case  of  large 
hairs  extends  into  the  subcutaneous  tissue  (Fig.  604) ;  some  little  distance  below  its 
orifice  the  ducts  of  the  sebaceous  glands  open  into  it.  The  portion  of  the  follicle 
derived  from  the  corium  (dermic  coat)  consists  of  a  fibrous  sheath  of  external  longi- 
tudinal and  internal  circular  connective  tissue  fibres,  the  latter  being  lined  by  a 
hyaline  layer  directly  continuous  with  the  basement  membrane  of  the  corium.  The 
parts  of  the  folhcle  derived  from  the  epidermis  are  named  the  inner  and  outer  root 
sheaths.  Below  the  orifices  of  the  sebaceous  gland  ducts  the  outer  root  sheath  is 
formed  by  the  stratum  germinativum  and  stratum  niucosum,  while  above  them  all 
the  epidermal  strata  contribute  to  it.  The  inner  root  sheath  surrounds  the  cuticle 
of  the  hair,  and  consists  from  without  inwards  of —  (a)  Henle's  layer,  a  single  stratum 
of  nucleated,  cubical  cells ;  (h)  Huxley  s  layer,  a  single  or  double  layer  of  polyhedral 
nucleated  cells  ;  and  (c)  a  delicate  cuticle,  consisting  of  a  single  layer  of  flattened 

Fibrous  sheath  Deri  veil  from 

/     Basement  membrane  )  the  corium 


Fig.  609. — Transverse  Section  of  Hair  Follicle  with  contained  Hair  (hig^ily  magnitied). 

imbricated  cells,  with  atrophied  nuclei.  The  bottom  of  the  hair  follicle  is  indented 
by  a  vascular  papilla  (papilla  pili),  derived  from  the  corium  and  capped  by  the 
bulb  (bulbus  pili)  or  expanded  part  of  the  hair  root.  The  cells  of  the  bulb  are 
continuous  with  those  of  the  outer  root  sheath,  and  form  the  different  parts  of  the 
hair,  as  well  as  its  inner  root  sheath.  The  vessels  form  capillary  loops  in  the  papilla 
of  the  hair,  and  send  twigs  into  the  outer  layer  of  its  fibrous  sheath  ;  the  inner 
and  outer  root  sheaths  and  the  different  parts  of  the  hair  are  non-vascular.  The 
nerves  terminate  in  longitudinal  and  annular  fibrils  below  the  level  of  the  sebaceous 
glands  and  outside  the  hyaline  layer  of  the  follicle. 

Sebaceous  glands  (glandulge  sebaceae)  exist  wherever  there  are  hairs,  and  their 
ducts  open  into  the  superficial  part  of  the  hair  follicles  (Fig.  604) ;  the  number  of 
glands  associated  with  each  follicle  varies  from  one  to  four.  On  the  labia  minora 
and  mammary  areolae  they  open  on  the  surface  of  the  skin  independently  of  hair 
follicles,  and  in  the  latter  situation  undergo  great  enlargement  during  pregnancy. 
The  deep  extremity  of  each  gland  expands  into  a  cluster  of  oval  or  flask-shaped 
alveoli,  which  are  surrounded  by  a  basement  membrane,  and  filled  with  polyhedral 
cells  containing  oil  droplets.  By  the  breaking  down  of  the  superficial  cells,  their 
oily  contents  are  liberated  as  the  sehum  cutaneum  and  discharged  into  the  hair 
follicle,  whilst  the  deeper  cells  undergo  proliferation.    The  size  of  the  gland  bears 
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no  proportion  to  that  of  the  hairs,  since  they  are  very  large  in  the  minute  hair 
follicles  of  the  foetus  and  newly  born  child,  and  also  in  the  follicles  of  the  rudimen- 
tary hairs  of  the  nose  and  certain  parts  of  the  face. 

Bundles  of  non-striped  muscular  fibre  are  associated  with  the  hair  follicles,  and 
are  named  the  mm.  arrectores  pilorum.  Attached  to  the  deep  part  of  the  hair  follicle, 
and  forming  with  it  an  acute  angle,  they  pass  outwards  close  to  the  sebaceous 
glands,  to  end  in  the  papillary  layer  of  the  corium.  Situated  on  the  side  of  the 
hair  towards  which  it  slopes,  they,  on  contraction,  diminish  the  obliquity  of 
the  hair  follicle  and  render  the  hair  more  erect,  and,  at  the  same  time,  com- 
press the  sebaceous  glands  and  expel  their  contents.  The  condition  of  "goose- 
skin  "  is  caused  by  the  contraction  of  these  slender  muscles. 

Thomson  suggests  tliat  the  condition  of  curly  liair  is  produced  by  tlie  contraction  of  these 
small  muscles.  Straight  hair  is  thick  and  rounded  ;  curly  hair  is  flat  and  ribbon-like.  When 
the  erector  muscle  contracts,  the  thick  rounded  hair  resists  the  tendency  of  the  muscle  to  bend  it, 
while  the  flat  hair,  not  sufficiently  strong  to  resist  the  strain  of  the  muscle,  becomes  bent,  and 
this  is  probably  the  explanation  why  the  follicle  assumes  the  curved  form  characteristic  of  the 
scalp  of  a  bushman.  The  sebaceous  gland  lies  in  the  concavity  of  the  bend  between  the  follicle 
and  the  muscle,  and  forms  a  mass  of  greater  resistance,  around  which  the  follicle  may  be  curved 
by  the  contraction  of  the  muscle.  The  cells  at  the  root  of  the  hair  accommodate  themselves  to 
the  curved  follicle,  and,  becoming  more  horny  as  they  advance  to  the  surface,  retain  the  form 
of  the  follicle  in  which  they  are  moulded. 

The  sudoriparous  or  sweat  glands  (glandulte  sudoriferas)  are  relatively  few  in 
number  on  the  back  of  the  trunk,  but  are  very  plentiful  on  the  palms  and  soles, 
where  they  open  on  the  summits  of  the  curved  ridges.  Each  consists  of  an  elongated 
tube,  the  deeper  portion  of  which  forms  its  secretory  part,  and  is  coiled  in  the  sub- 
cutaneous tissue  or  deep  part  of  the  corium  in  the  form  of  an  ovoid  or  spherical  ball, 
termed  the  glomerulus  or  corpus  glandulae  sudoriferse  (Eig.  604).  The  superficial  part 
of  the  tube,  or  ductus  sudoriferus,  extends  through  the  corium  and  epidermis, 
and  opens  on  the  surface  by  a  funnel-shaped  orifice,  the  porus  sudoriferus ;  where 
the  epidermis  is  thick  the  duct  is  spirally  coiled.  The  glomeruli,  as  a  rule,  vary  in 
diameter  from  0*1  to  0*5  nnn.,  but  in  the  axilla?  they  are  much  larger,  and  may 
measure  from  1  to  4  mm.  Each  is  surrounded  by  a  capillary  network  and  by  a 
capsule  of  connective  tissue,  inside  which  is  a  homogeneous  basement  membrane. 
The  lumen  of  the  tube  is  lined  by  a  layer  of  nucleated,  granular,  and  striated, 
columnar,  or  prismatic  epithelium,  between  the  deep  extremities  of  which  and  the 
basement  membrane  is  a  layer  of  non-striped  muscular  fibres,  the  long  axis  of  which 
is  more  or  less  parallel  with  that  of  the  tube.  The  excretory  ducts  are  devoid  of 
muscular  fibres,  and  consist  of  a  basement  membrane  lined  by  two  or  three  layers 
of  polyhedral  cells,  which  are  covered,  next  the  lumen  of  the  tube,  by  a  thin 
cuticle. 

Tlie  glands  of  Moll  (glandulae  ciliares),  opening  at  the  margins  of  the  eyelids,  and 
the  glandulae  ceruminosse  of  the  external  auditory  meatus,  are  modified  sudoriparous 
glands ;  the  former  are,  however,  not  coiled  up  to  form  glomeruli,  while  the  cell 
protoplasm  of  the  latter  contains  yellowish  pigment,  and  their  gland  ducts,  in  the 
foetus,  open  into  hair  follicles. 

Development  of  the  Skin  and  its  Appendages. 

Skin. — The  vascular  and  sensitive  corium  is  developed  from  the  mesoderm,  the  cells 
of  which,  immediately  underlying  the  ectoderm,  have,  by  the  second  month  of  footal  life, 
become  aggregated  together  and  flattened  parallel  to  the  surface  of  the  embryo.  By  the 
third  month  they  are  seen  to  form  two  layers,  the  superficial  of  which  becomes  the 
corium,  and  the  deeper  the  subcutaneous  tissue ;  the  papillae  of  the  corium  make  their 
appearance  in  the  fourth  month.  The  epidermis,  nails,  hairs,  sweat  and  sebaceous  glands 
are  all  of  ectodermal  origin. 

The  epidermis  at  first  consists  of  a  single  layer  of  cells,  but  by  the  end  of  the  second 
month  it  is  duplicated,  and  then  exhibits  a  superficial  layer  of  irregular  cells  and  a  deeper 
layer  of  more  or  less  cubical  cells.  By  the  third  month  three  strata  are  seen  :  (a)  a  deep 
layer,  consisting  of  a  single  stratum  of  cubical  cells — the  future  stratum  germinativum  ; 
(b)  a  middle  layer,  comprising  two  or  three  strata  of  irregular  cells— the  future  stratum 
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mucosum ;  and  (c)  an  outer  layer,  a  double  stratum  of  large  cells.  This  outer  layer 
appears  to  be  homologous  with  a  thin  membrane,  termed  the  epitrichium,  first  described 
as  covering  the  embryo  of  the  sloth  and  overlying  its  hairs,  but  since  shown  to  be  present 
in  birds  and  mammals.  Over  the  hairy  parts  of  the  body  it  disappears  about  the  sixth 
month ;  but  over  the  free  edge  and  root  of  the  nails,  and  on  the  palms  and  soles,  it 
develops  into  several  layers  of  cells,  which,  in  these  parts,  probably  persist  to  form  the 
thick  stratum  corneum.  The  part  which  persists  over  the  root  of  the  nail  is  termed 
the  eponychium^  and  covers  the  proximal  part  of  the  lunula  {vide  p.  776).  The  stratum 
lucidum  is  differentiated  from  the  cells  of  the  epitrichium,  and,  where  the  latter  is  lost, 
possibly  forms  the  superficial  layer  of  the  epidermis  as  it  does  the  horny  part  of  the  nails. 

Nails. — The  first  rudiment  of  the  nails  is  seen  about  the  beginning  of  the  third 
month  of  embryonic  life,  and  consists  of  a  thickening  of  the  epitrichium  over  the  extremity 
of  the  digits.  Owing  to  the  growth  of  the  palmar  aspect  of  the  digits,  the  nail  rudiment 
comes  to  be  placed  dorsally,  and,  at  its  proximal  edge,  an  ingrowth  of  the  stratum 
mucosum  occurs  to  form  its  root,  while  the  future  nail  becomes  limited  behind  and  later- 
ally by  a  groove.  The  superficial  cells  of  the  stratum  mucosum  become  keratinised  to 
form  a  thick  stratum  lucidum,  the  future  nail  proper,  over  the  greater  part  of  which  the 
epitrichium  disappears.  The  latter  persists  in  the  adult  as  the  perionyx  across  the  root 
of  the  nail,  and,  until  fifth  month,  also  forms  a  thick  mass  over  the  extremity  of  the  nail, 
and  is  continued  into  the  stratum  corneum  over  the  end  of  the  digit.  The  future  distal 
edge  of  the  nail,  at  this  stage,  is  continuous  with  the  stratum  lucidum  in  front  of  it ;  but 
this  continuity  is  lost,  and  by  the  seventh  month  the  nail  presents  a  free  border.  The 
nails  grow  in  length,  and  are  renewed,  in  case  of  removal,  by  a  proliferation  of  the  cells 
of  the  stratum  mucosum  at  the  root  of  the  nail,  while  an  increase  in  their  thickness  takes 
place  from  the  part  of  the  same  stratum  which  underlies  the  lunula. 

Hairs. — The  hair  rudiments  appear  about  the  third  month  of  embryonic  life  as  solid 
downgrowths  of  the  stratum  mucosum,  which  pass  obliquely  into  the  subjacent  corium. 
The  deep  end  of  this  column  of  cells  becomes  expanded  to  form  the  hair  bulb,  and  rests 
on  a  papilla  derived  from  the  corium,  the  epidermis  immediately  overlying  which  becomes 
differentiated  into  the  hair  and  its  inner  root  sheath,  while  the  peripheral  cells  form  its 
outer  root  sheath.  The  surrounding  corium  becomes  condensed  to  form  the  fibrous  sheath 
of  the  hair  follicle,  the  hyaline  layer  of  which  is  continuous  with  the  basement  membrane 
covering  the  corium.  The  hair  gradually  elongates,  and,  reaching  the  neck  of  the  follicle, 
its  extremity  lies  at  first  under  the  epitrichium,  but  becomes  free  on  the  disappearance  of 
the  latter.  This  takes  place  about  the  fifth  month,  and  the  first  crop  of  hairs  constitutes 
the  lanugo,  which  is  well  developed  by  the  seventh  month.  The  lanugo  consists  of  very 
delicate  hairs,  some  of  which  are  shed  before,  the  remainder  shortly  after  birth — the  last 
to  drop  out  being  those  of  the  eyelashes  and  scalp — and  are  replaced  by  stronger  hairs. 
Shedding  and  renewal  of  the  hairs  take  place  during  life,  the  renewal  being,  of  course,  absent 
in  the  case  of  baldness.  Prior  to  the  shedding  of  a  hair  active  growth  and  proliferation 
of  the  cells  of  the  hair  bulb  cease,  and  the  papilla  becomes  atrophied,  while  the  hair  root, 
gradually  approaching  the  surface,  at  last  drops  out.  New  hairs  arise  from  epidermic 
buds,  which  extend  downwards  from  the  follicle,  and  their  development  is  identical  with 
that  of  the  original  hairs. 

Sebaceous  Glands. — These  appear  about  the  fifth  month  as  solid  outgrowths  from 
the  sides  of  the  hair  follicles,  and  consist  of  epidermal  offshoots  continued  from  the  cells 
of  the  outer  root  sheath.  Their  deep  ends  become  enlarged  and  lobulated,  to  form  the 
secreting  part  of  the  gland,  while  the  narrow  neck  connecting  this  with  the  follicle  forms 
its  duct.  The  sebaceous  secretion,  together  with  the  cast-off  epidermal  cells,  is  collected 
on  the  surface  of  the  body  during  the  last  months  of  intrauterine  life,  and  forms  a  layer 
of  varying  thickness,  termed  the  vernix  caseosa  or  smegma  emhryonu7n. 

Sweat  Glands.^ — These,  like  the  hairs,  arise  as  solid  downgrowths  of  the  stratum 
mucosum.  They  descend,  however,  perpendicularly,  instead  of  obliquely,  and  are  of  a 
yellowish  colour ;  they  appear  on  the  palms  and  soles  early  in  the  fifth  month,  but  much 
later  over  the  hairy  parts  of  the  body.  The  downgrowths  extend  through  the  corium,  and, 
on  reaching  the  subcutaneous  tissue,  become  coiled  up  to  form  the  secreting  part  of  the 
gland.    The  lumen  of  the  gland  does  not  open  on  the  surface  until  the  seventh  month. 
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Abdomen,  fasciae  of,  426 

muscles  of,  426,  427 
Aljdominal  ring,  external,  430,  433 
internal,  432 

wall,  fascise  of,  426 
muscles  of,  427,  434 
Abducent  nerve.    See  Nerve 
Abductor  pollicis  muscle,  345,  353,  355 

haUucis  muscle,  386,  389 

longus  pollicis  muscle,  351 

minimi  digiti  muscle  of  foot,  387,  389 

minimi  digiti  muscle  of  band,  347,  353 
Accessorius  muscle  of  back,  393 

of  foot,  384,  389 
Acromial  nerves,  617,  619,  622 
Acromio -clavicular  joint,  326 
Acustic  area,  488,  520,  527 
Adductor  brevis  muscle,  366,  375,  376,  399 

longus  muscle,  365,  375,  376,  399 

magnus  muscle,  366,  375,  376,  399 

minimus  muscle,  367 

obliquus  liallucis  muscle,  388,  389 
pollicis  muscle,  346,  353 

transversus  hallucis  muscle,  388,  389 
pollicis  muscle,  346,  353,  355 
Affenspalte,  564 
Agger  nasi,  721 
Agitator  caudse  muscle,  369 


mastoid,  752 
Air-sinuses,  maxillary, 

Higlimore 
Ala  cinerea,  488 

nasi,  717 
Alse  of  cerebellum,  506,  507 
Alar  lamina.    See  Neural  tube 

sulcus,  717 
Alveus,  572,  577 
Ampulla  of  lachrymal  duct,  740 

of  semicircular  canal,  760,  764 
Amygdala  of  cerebellum,  507 
Amygdaloid  nucleus,  576,  579,  582 

tubercle,  576 
Anconeus  muscle,  350,  354 
Angle,  ceplialo-auricular,  743,  745 

Rolandic,  558 
Angular  gyrus,  563,  564 
Ankle-joint,  movements  of,  389 

nerves  of,  651,  653 
Annectant  gyri,  558,  563,  565,  566 


See     Antrum  of 


Annular  ligament  of  ankle,  377 
of  stapes,  752,  757 
of  wrist,  337 
Annulus  tympanicus,  748 
Ansa  hypoglossi,  621,  622,  697 

lenticularis,  545,  581 

peduncularis,  545 

Vieussenii,  708 
Antihelix,  744 

fossa  of,  744 
Antithesis  in  muscular  action,  404 
Antitragicus  muscle,  746 
Antitragus,  744 
Antrum  of  Highmore,  721 

mastoid,  749,  752 

maxillary.    See  Antrum  of  Highmore 
Aortic  opening  of  diaphragm,  424 

plexus,  710,  711,  714 
Aortico-renal  ganglion,  710,  712 
Apertura  tympanica  canaliculi  chordae,  750 
Aponeurosis,  317.    See  also  Fascia 

epicranial,  400,  401 

intercostal,  422 

vertebral,  318,  391 
Apparatus  lacrimalis,  740 
Appendages  of  skin,  775 
Appendicular  muscles,  318 
Aqueduct  of  cochlea,  761 

of  Fallopius,  752,  762 

of  Sylvius,  476,  478,  531,  533,  542,  551 

of  vestibule,  759 
Aqueous  humour,  725,  737 
Arachnoidea,  600.   See  also  Space,  subarachnoid 

Pacchionian  bodies  of,  602 
Arbor  vitse  cerebelli,  510 
Arch,  cephalic,  626 

crural,  deep,  359 
superficial,  359,  430 

hyoid,  442 

mandibular,  442 

thyro -hyoid,  442 
Arches,  axillary,  324,  671 

tarsal,  740 

visceral,  442,  701,  703 
Arcuate  fibres,  deep,  493,  498,  511,  528 
superficial,  485,  496,  498,  511,  528 

ligaments,  424 

nucleus,  490,  498,  528,  545 
Arcus  parieto-occipitalis,  559 

senilis,  727 
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Area  coclileje,  761,  762 
postrema,  488 
vestibularis,  762 
Arlt,  sinus  of,  741 
Arm,  fasciae  of,  332 

intermuscular  septa  of,  332 
muscles  of,  332 
See  also  Limb,  upper 
Arnold,  nerve  of,  692 
Arrectores  pilorum,  778 
Artery  or  Arteries,  auditory,  769 
central  of  retina,  735,  742 
ciliary,  731 

anterior,  725,  731 
long,  725,  731 
posterior,  725,  728 
short,  725,  728 
hyaloid,  736,  742 
macular,  735 

medullary.    See  Arteries,  nutrient 
of  nose,  717,  723 
stapedial,  757 

temporal  of  retina,  735 
Articulations.    See  Joints 
Ascending  degeneration,  466 
Association  centres,  593 
fibres,  cerebellar,  511 

of  cerebral  hemispheres,  589 
of  cord,  468,  470 
of  medulla,  498 
Atlo-axial  joint,  movements  at,  398 
Atrium  meatus  nasi,  721 

of  tympanic  cavity,  748 
Attollens  aurem  muscle,  402,  404 
Attrahens  aurem  muscle,  402,  404 
Auditory  area,  593 
artery,  769 

meatus,  external,  743,  746 

blood-vessels  of,  748 

ceruminous  glands  of,  748,  778 

fissures  of  Santorini  of,  748 

foramen  of  Huschke  of,  748 

isthmus  of,  747 

lymphatics  of,  748 

nerves  of,  748 

structure  of,  747 
internal,  761 
nerve.    See  Nerve 
ossicles,  754 
pit,  769 

radiation,  583,  591,  593 

teeth  of  Huschke,  766 

vesicle,  703 
Auricula,  743 
Auricular  index,  744 

nerves.    See  Nerves 
Auricularis  anterior  muscle,  402 

posterior  muscle,  402 

superior  muscle,  402 
Auriculo-temporal  nerve,  684 
Auscultation,  triangle  of,  319 
Axial  line,  dorsal,  of  limbs,  614,  672 
ventral,  of  limbs,  660,  672 

muscles,  318,  391 

process.    See  Axon 
Axillary  arches,  324,  671 
Axis,  cylinder.    See  Axon 

lentis,  736 

ligament  of  malleus,  757 
optical,  724 

Axon,  445,  448,  449,  461,  462,  472,  513,  514, 
585,  586,  704 


Azygos  uvulae  muscle,  418,  419 

Bacillary  layer  of  retina,  732,  734 
Back,  fasciae  of,  318,  391 

muscles  of,  318,  392,  398 
Baillarger,  bands  of,  585,  587 
Band  of  Baillarger,  585,  587 

of  Bechterew,  587 

ilio-tibial,  357,  360,  368 

of  Meckel,  757 

of  Yicq  d'Azyr,  545,  548,  572,  585 
Barbula  hirci,  746 

Basal  cells  of  olfactory  mucous  membrane,  723 
ganglia,  579 

lamina.    See  Neural  tube 
Basilar  membrane.    See  Membrana  basilaris 
Basis-bundle,  anterior,  470,  473,  483,  491,  494 

lateral,  468,  470,  473,  484,  498 
Basis  cochleae,  760 

modioli,  761 

pedunculi  cerebri,  532 

stapedis,  756 
Basket-cells,  513 
Bechterew,  iDand  of,  587 

nucleus  of,  520 
Beraud,  valve  of,  741 
Biceps  brachii  muscle,  332,  336,  354 

flexor  cruris  muscle,  372,  375,  376 
Bicipital  fascia,  333 
Biventer  cervicis  muscle,  395 
Biventral  lobule,  507 
Blind  spot,  732 

Blood-vessels.    See  Arteries,  Veins 
Body,  pituitary,  507,  533 
Bones  of  middle  ear,  754 

sesamoid,  345,  362 
Bowman,  elastic  lamina  of,  726 

glands  of,  722 
Brachia  conjunctiva,  486,  503,  535 
Brachial  plexus,  610,  622 
Brachialis  anticus  muscle,  334,  336 
Brachio-radialis  muscle,  349,  354 
Brachium,  quadrigeminal,  inferior,  532 

suj)erior,  532,  535 
Brain,  443,  474 

develoj)ment  of,  476 

flexures  of,  479 

fore,  476,  478,  542,  594 

hind,  476,  481 

meninges  of,  597 

mid,  476,  477,  531.    See  also  Mid-brain 

motor  nuclei  of,  480 

nerve -cells  of,  445 

nerve-fibres  of,  444 

neuroglia  of,  451 

weight  of,  597 
Branchial  arches,  442,  701,  703 
Bruch,  membrane  of,  728,  729 
Buccal  nerve,  684,  688 
Buccinator  muscle,  404,  405,  407,  410,  419 
Buds,  taste,  770 

Bulb  of  brain.    See  Medulla  oblongata 

of  lateral  ventricle,  576 

olfactory,  587,  589 
Bulbo-cavernosus  muscle,  436 
Bulbus  oculi,  723 

pili,  777 
Bulla  ethmoidalis,  721 
Burdach,  column  of    See  Spinal  cord 
Bursae,  317,  318,  328,  329,  332,  333,  349,  359, 
361,  362,  363,  369,  370,  372,  373,  382,  384, 
405 
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Buttock,  fasciae  of,  355 
muscles  of,  368,  375 

Caecum  cupulare  of  cochlea,  764 

vestibulare  cochleae,  763,  764 
Calamus  scriptorius,  488 
Calcar  avis,  576 
Calcarine  fissure,  565,  566,  576 
Callosal  gyrus,  568 
Calloso-marginal  fissure,  560 
Canal,  central,  of  cochlea,  762 
of  cord,  456,  459,  473,  484 
of  medulla,  498 

crural,  359 

of  Huguier,  750 

hyaloid,  736,  742 

inguinal,  432 

lachrymal,  740,  743 

of  Petit,  736 

of  Schlemm,  725 

semicircular.    See  Semicircular  canal 
for  tensor  tympani,  750 
Canalis  centralis  cochleae,  762 
reuniens,  770 

spiralis  modioli  of  Eosenthal,  761 
Canthi  of  eye,  738 
Capsule,  external,  580,  581,  583 

internal,  543,  582 
anterior  limb  of,  583 
auditory  radiation  fibres  of,  583 
fronto-pontine  fibres  of,  583,  591 
fronto-thalamic  fibres  of,  583 
genu  of,  583 
lenticular  part  of,  583 
optic  radiation  fibres  of,  553,  583,  592 
posterior  limb  of,  583 
pyramidal  fibres  of,  583,  591 
retro-lenticular  part  of,  583,  592 
strio-thalamic  fibres  of,  581,  583 
temporo-pontine  fibres  of,  583,  591 
thalamo-frontal  fibres  of,  583 
thalamo-striate  fibres  of,  583 

of  lens,  733 

suprarenal.    See  Suprarenal  capsule 

of  Tenon,  405,  724 
Cardiac  nerves.    See  Nerves 

plexus.    See  Plexus 
Carotid  plexus,  707 

sheath,  400 
Carpal  joints,  nerves  to,  635 
Cartilage,  nasal,  717 
lateral,  718 

processus  sphenoidalis  of,  718 
of  septum,  717 
vomerine,  718 
Caruncula  lachrimalis,'  738 
Cauda  equina,  454,  609 

helicis,  745 
Caudal  nerves.    See  Nerves 
Caudate  nucleus,  574,  575,  579 
Cavernous  plexus.    See  Plexus 
Cavum  conch  ae,  744 

Meckelii,  679 

Ketzii,  439 

subarachnoidale,  601 
Cells,  basal,  of  olfactory  mucous  membrane, 
722,  723 

germinal,  447,  471 

of  Golgi,  464,  586 

of  Martinotti,  586 

mastoid,  752 

nerve.    See  Nerve-cells 


Cells,  olfactory,  722,  723 
Central  arteries.    See  Artery 

gyri.    See  Gyri 

lobe,  507 

lobule  of  cerebellum,  506,  507 

sulcus  of  insula,  568 
Centre,  association,  593 

medullary.    See  Medullary  centre 
Cephalic  flexure  of  brain,  479 

myotomes,  442 
Cephalo-auricular  angle,  743,  745 
Cerebellar  tract.    See  Tract 
Cerebello-olivary  tract,  496,  497,  510 
Cerebellum,  475,  505 

al£e  of,  506,  507 

arbor  vitae  of,  510 

association  filDres  of,  511 

clivus  monticuli  of,  506,  507 

commissural  fibres  of,  511 

corpus  dentatum  of,  510 
trapezoides  of,  509 

culmen  monticuli  of,  506 

development  of,  477,  480,  528 

fissures  of,  506,  507,  508,  509,  529 

folia  of,  510,  512 

folium  cacuminis  of,  506,  507 

furrowed  band  of,  508 

gray  matter  of,  509,  512 

hemispheres  of,  506 

lingula  of,  487,  506,  507 

lobes  of,  506 

lobules  of,  506,  507,  508 

medullary  vela  of,  511 

minute  structure  of,  512 

nodule  of,  507,  508 

notches  of,  506 

nucleus  emboliformis  of,  510 
fastigii  of,  510,  511,  521 
globosus  of,  510 

peduncles  of,  510 

inferior,  476,  485,  489,  510 
middle,  476,  486,  500,  501,  510 
superior,  476,  486,  503,  510,  511,  535,  546, 
592 

pyramid  of,  507,  508 
roof-nucleus  of,  510,  511,  521 
sulci  of,  506,  507,  530 
tonsil  of,  507 

tuber  valvulae  of,  507,  508 
uvula  of,  507,  508 
vallecula  of,  506 
vermis  of,  506 
white  matter  of,  509,  512 
Cerebral  cortex,  554,  584 

association  centres  of,  593 

fibres  of,  589 
auditory  area  of,  593 
band  of  Baillarger  of,  585,  587 
of  Bechterew  of,  587 
of  Vicq  d'Azyr  of,  545,  548,  572,  585 
cells  of  Golgi  of,  464,  586 

of  Martinotti  of,  586 
commissural  fibres  of,  588 
connexion  with  optic  thalamus,  545 
gray  layers  of,  585 
inter-radial  felt -work  of,  587 
layer  of  polymorphic  cells  of,  585,  586 

of  pyramidal  cells  of,  585 
nerve-fibres  of,  586 
olfactory  area  of,  593 
projection  fibres  of,  588,  591 
somaesthetic  area  of,  593 
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Cerebral  cortex,  stratum  zoiiale  of,  585 

structure  of,  584 

supra-radial  felt-work  of,  587 

tangential  fibres  of,  585 

thickness  of,  584 

visual  area  of,  593 

white  layers  of,  585 
hemispheres,  553 

association  fibres  of,  588,  589 

basal  ganglia  of,  579 

borders  of,  554 

claustrum  of,  582 

commissural  fibres  of,  588 

convolutions  of.    See  Gyri 

corpus  callosum  of,  570 

cortex  of,  554,  584,  See  also  Cerebral  cortex 

development  of,  478,  480,  481,  556,  595 

fimbria  of,  568 
'  fissures  of,  553,  554,  555 

form  of,  553 

general  structure  of,  554 

gray  matter  of,  554,  584 

groove  for  lateral  sinus  on,  554 

gyri  of,  554.    See  also  Gyri 

incisura  longitudinalis  of,  596 

internal  capsule  of,  582.    See  also  Capsule, 

internal 
intimate  structure  of,  584 
island  of  Keil  of,  556,  567 
limen  insulse  of,  568 
lobes  of,  555 

medullary  centre  of,  554,  584,  588 
morphological  subdivision  of,  584 
nuclei  of,  554,  579,  582 
opercula  of,  556,  561 
poles  of,  554 

position  and  connexions  of,  474,  553 
prteoccipital  notch  of,  562 
projection  fibres  of,  591 
Rolandic  angle  of,  558 
septum  lucidum  of,  573,  597 
sulci  of,  554 
surfaces  of,  553 
Sylvian  fossa  of,  556,  596 

point  of,  555 
ventricles  of,  572,  573.    See  also  Ventricles 
vesicles,  476,  481 
Cerebro-sj)inal  fiuid,  453 
nervous  system,  443,  451 

axis  of,  443.     See  also  Brain,  S]3inal 
cord 

ganglionic  j)art  of,  448 
gray  matter  of,  443 
medullary  part  of,  451 
nerve-cells  of,  445 
nerve -fibres  of,  444 

nerves  of,  444,    See  also  Nerves,  cranial ; 

Nerves,  spinal 
neuroglia  of,  451 
neurons  of,  448,  449,  451 
white  matter  of,  443 
Cerebrum.    See  Cerebral  hemispheres,  Corpus 

callosum.  Fornix,  Thalamus,  Ventricle 
Ceruminous  glands,  748,  778 
Cervical  fascia,  400 

flexure  of  neural  tube,  477,  479,  526 
ganglion.    See  Ganglion 
nerves.    See  Nerves 
plexus.    See  Plexus 
sympathetic,  706,  715 
Cervicalis  ascendens  muscle,  393 
Chamber,  anterior,  of  eye,  730,  737,  743 


Chamber,  anterior,  of  eye,  endothelium  of,  727 
posterior,  of  eye,  730,  737 
recesses  of,  735 
Chest,    See  Thorax 
Chiasma,  optic,  475,  551,  676,  703 
Choanee,  719 

Chondro-epitrochlearis  muscle,  324 
Chondro-glossus  muscle,  414,  416 
Chorda  tympani  nerve.    See  Nerve 
Chorioid,  725,  727 

development  of,  745 

lamina  basalis  of,  728,  729 
chorio-capillaris  of,  728 
supra-chorioidea  of,  728 
vasculosa  of,  728 

nerves  of,  731 

23igment  of,  728 

proper  tissue  of,  728 

spatium  perichorioidale  of,  725 

stratum  intermedium  of,  728 

tapetum  of,  729 
Chorioidal  fissure,  742 
Choroid  plexuses,  512,  529,  575,  578,  596 
Choroidal  fissure,  578,  596,  605 
Ciliary  arteries.    See  Artery 

body,  725,  729 

border,  730 

bundle,  403 

ganglion.    See  Ganglion 
muscle,  729 

nerves,  680,  681,  725,  727,  731 

processes,  729 
Cingulum,  590 
Circular  sulcus,  556,  567 
Circulus  arteriosus  major,  731 
minor,  731 

tonsillaris,  690 
Circumflex  nerve,  625,  632 
Circumflexus  palati  muscle,  419 
Cisterna  basalis,  602 

magna,  602 

pontis,  602 
Cisternse  subarachnoidales,  602 
Clarke,  column  of,  461,  464,  468,  469 
Claudius,  cells  of,  766,  767 
Claustrum,  582 
Clava,  484,  492 

Clavicular  nerves,  617,  619,  622 
Cleft,  visceral,  701,  703 
Cleido-mastoid  muscle,  411 
Cleiclo-occipitalis  muscle,  411 
Clivus  monticuli,  506,  507 
Coccygeal  ganglion,  704,  711 

nerves,  607,  613,  655 

plexus,  658 
Cochlea,  759,  760 

membranous,  764 
Cochlear  nerve.    See  Nerve 
Cochleariform  process,  750,  752 
Coeliac  plexus,  712,  713 
Collateral  fissure,  559,  579 

nerve-fibres,  468 
CoUiculi  inferiores,  534 

superiores,  534 
Colliculus  nervi  optici,  731 
Columnae  fornicis,  572 
Columns,  spinal  cord.    See  Spinal  cord 
Comma  tract,  466 
Commissura  habenularum,  548 
Commissural  fibres,  cerebellar,  511 

cerebral,  588 
Commissure  of  cord.    See  Spinal  cord 
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Commissure,  gray,  of  third  ventricle,  544,  550, 
594 

of  Giidden,  532,  552,  676 

liippocampal,  572,  589 

optic,  475,  551,  676,  699,  703 

white  anterior,  of  brain,  549,  588,  597 
posterior,  of  brain,  547,  548,  595 
Communicating  arteries.    See  Artery 
Complexus  muscle,  395,  398 
Compressor  bulbi  muscle,  436 

hemispherium  bulbi,  436 

naris  muscle,  403 

radicis  penis,  436 

urethrse  muscle,  437 

venae  dorsalis  ]3enis  muscle,  437 
Cone,  bipolars  of  retina,  733 

granules  of  retina,  733 

retinal,  734,  743 
Conjoined  tendon,  430,  431 
Conjunctiva,  739 

fornix  of,  739 

nerves  of,  740 

ocular,  739 

palpebral,  739 

plica  semilunaris  of,  738 

vessels  of,  740 
Constrictor  muscles  of  pharynx,  416,  419,  442 

of  urethra,  437 
Conus  medullaris,  452,  458,  459 
Convolutions  of  cerebrum.    See  Gyri 
Coraco-brachialis  muscle,  332,  336 

superior,  332 
Coraco-humeral  ligament,  476 
Cord,  gangliated,  of  sympathetic,  703 
cervical,  706,  715 
lumbar,  710,  715 
sacral,  711,  715 
thoracic,  708 

lumbo-sacral,  648 

spermatic,  cremasteric  fascia  of,  431,  434 
infundibuliform  fascia  of,  427,  433 
intercolumnar  fascia  of,  430,  434 

spinal.    See  Spinal  cord 
Cords  of  brachial  jDlexus,  623,  625,  663 
Corium,  773 

papillae  of,  773 

stratum  papillare  of,  773 
reticulare  of,  773 
Cornea,  725,  726 

anterior  elastic  lamina  of,  726 

arcus  senilis  of,  727 

blood-vessels  of,  727 

curvature  of,  726 

development  of,  743 

ligamentum  pectinatum  of,  727 

nerves  of,  727 

posterior  elastic  lamina  of,  727 

spaces  of  Fontana  of,  727 

structure  of,  726 
Cornu  ammonis.    See  Hip|)ocampus  major 
Cornua  of  lateral  ventricles,  573,  576 

of  saphenous  opening,  356 
Corona  radiata,  583,  591 
Coronary  plexus.    See  Plexus 
Corpora  mammillaria,  475,  478,  548,  550,  572, 
595 

quadrigemina,  476,  477,  531,  534 
brachia  of,  532,  534,  535 
connexion  with  cochlear  nerve,  534 

with  thalamus,  534 
development  of,  542 
fillet-fibres  of,  534,  538 


Corpora  quadrigemina,  inferior,  531,  534 

structure  of,  534 

superior,  531,  534,  552,  553,  592 
Corpus  callosum,  476,  570,  588 

absence  of,  588,  590 

body  of,  571 

development  of,  597 

forceps  major  of,  571,  576 

genu  of,  571 

gray  matter  of,  571 

gyri  of,  571 

radiation  of,  571,  588 

rostrum  of,  571 

splenium  of,  571 

striae  longitudinales  of,  569,  571,  573 

tapetum  of,  571,  576,  588,  591 
ciliare,  729 
dentatum,  510 

geniculatum  externum,  531,  544,  546,  552, 
592,  594 
internum,  532,  538,  552,  592 
striatum,  554,  580,  584 
connexions  of,  581 
development  of,  596 
vein  of,  574 
subthalamicum,  546 
trapezoides,  501,  509,  510,  520 
vitreum,  735 
Corpuscles  of  Krause,  775 
of  Meissner,  775 
of  Pacini,  775 
of  Euffini,  775 
tactile,  774 
Corpuscula  bulboidea,  775 

lamellosa,  775 
Corrugator  cutis  ani,  436 

supercilii,  403,  404 
Cortex,  cerebral.    See  Cerebral  cortex 
Corti,  ganglion  of,  761,  768 
head -plates  of  rods  of,  766 
organ  of,  765,  766 

cells  of  Claudius,  766,  767 
cells  of  Hensen,  766,  767 
development  of,  769 
hair-cells  of,  766,  767 
lamina  reticularis  of,  766,  767 
membrana  tectoria  of,  766,  767 
pillars  of,  766 
rods  of,  766 
space  of  Nuel  of,  767 
supporting  cells  of,  766,  767 
fibres  of,  767 
phalangeal  processes  of,  767 
tunnel  of,  766 
Cortico-pontine  tract,  501,  540,  583,  591 
Costo-coracoid  ligament,  322 
membrane,  321 
muscle,  324 
Cranial  nerves,  674.    See  also  Nerves 
1st,  see  Nerve,  olfactory 
2nd,  see  Nerve,  optic 
3rd,  see  Nerve,  oculo-motor 
4th,  see  Nerve,  trochlear 
5th,  see  Nerve,  trigeminal 
6th,  see  Nerve,  abducent 
7th,  see  Nerve,  facial 
8th,  see  Nerve,  auditory 
9th,  see  Nerve,  glosso-pharyngeal 
10th,  see  Nerve,  vagus 
11th,  see  Nerve,  spinal  accessory 
12th,  see  Nerve,  hypoglossal 
Cremaster  muscle,  431 


786 


INDEX. 


Cremasteric  fascia,  431,  434 
Crescentic  lobule,  506,  507 
Cribriform  fascia,  356 
Crista  acustica,  764 
basilaris  cochleae,  765 
mallei,  755 
spinarum,  748 
semilunaris  cochleae,  761 
terminalis,  787 
transvervsa  coclilese,  762 
vestibuli,  759 
Crura  antihelicis,  744 
cerebri,  532 

crusta  of,  532,  539 
development  of,  478,  480,  481,  542 
fron to -pontine  fibres  of,  540,  591 
position  and  connexions  of,  475,  476,  532 
pyramidal  fibres  of,  540,  591 
red  nucleus  of,  535,  536,  546 
tegmental  part  of,  532,  535,  543,  546,  550 
temporo-pontine  fibres  of,  540,  591 
of  diaphragm,  423 
fornicis,  572 
Crural  arch,  deep,  359 
superficial,  359,  430 
canal,  359 

nerves.    See  Nerves 

ring,  359,  430 

septum,  359 

sheath,  359 
Crureus  muscle,  361,  375 
Crus  anterius  of  stapes,  756 

breve  of  incus,  756 

commune  of  semicircular  canals,  760 

helicis,  744 

longum  of  incus,  756 

posterius  of  stapes,  756 
Crusta  of  crus  cerebri,  532,  539 
Crystalline  lens.    See  Lens 
Cucullaris  muscle,  318 
Culmen  monticuli,  506,  507 
Cuneate  funiculus,  455,  466,  484,  491,  492 

gyrus,  565,  566 

nucleus.    See  Nucleus 

tubercle,  485,  492 
Cuneo-lingual  gyri,  566 
Cuneus,  566 

Cup,  optic,  698,  703,  731,  742 
Cupola  of  cochlea,  760 

terminalis,  764 
Cylinder,  axis.    See  Axon 
Cymba  conchse,  744 

Darwin,  tubercle  of,  744 

Decussation  of  cerebellar  peduncles,  536 

of  fillet,  493 

of  Forel,  539 

fountain,  539 

of  Meynert,  539 

motor,  493 

in  optic  commissure,  676 
n  ;of  pyramids,  482,  483,  490 

sensory,  493 

transverse,  of  jDons,  500 
Degeneration,  Wallerian,  466 
Deglutition,  movements  in,  419 
Deiters,  nucleus  of,  520,  521 

supporting  cells  of,  766,  777 
Deltoid  muscle,  327,  331 
Demours,  lamina  of,  725 
Dendrites,  445,  447,  449,  461,  513,  585,  704 
Dental  nerves.    See  Nerves 


Dentate  fissure,  569 

gyrus,  568 

nucleus,  510,  511 
Depressor  alee  nasi  muscle,  403 

anguli  oris  muscle,  404,  405 

labii  inferioris  muscle,  404,  405 

septi  muscle,  403 
Dermis,  773 

Descemet,  lamina  of,  727 
Descending  degeneration,  466 
Development  of  auditory  ossicles,  757 

of  brain,  476,  526 

of  cerebellum,  477,  480,  528 

of  cerebral  hemispheres,  478,  480,  594,  595 

of  cranial  nerves,  698 

of  eye,  741 

of  inter-brain,  478 

of  labyrinth,  769 

of  medulla  oblongata,  477,  480,  526 

of  mid-brain,  476,  477,  542 

of  nerve-cells,  447,  448,  471 

of  pons  Varolii,  477,  480,  528 

of  quadrigeminal  bodies,  542 

of  skeletal  muscles,  441 

of  skin,  778 

of  spinal  cord,  471 

of  spinal  nerves,  660 

of  sympathetic  system,  715 
Diagonal  sulcus,  560,  561 
Diaphragm,  423,  426 

anomalies  of,  426 

central  tendon  of,  424 

crura  of,  423 

foramina  in,  424 

hernia  of,  426 
Diaphragma  sella3,  599 
Diaphragmatic  ganglion,  622,  713 

plexus,  622,  713 
Diencephalon,  476,  478,  481,  542 
Digastric  muscle,  413,  415,  416,  442 
Digital  sheaths  of  fingers,  339 

of  toes,  378 
Dilatator  pupillse,  731 
Dilator  naris  muscle,  403 

tubse  muscle,  754 
Disc,  optic,  731 

tactile,  774 
Dorsal  axial  line  of  limbs,  614 
Dorso-epitrochlearis  muscle,  324 
Douglas,  fold  of,  432 
Duct,  nasal,  722,  740,  741,  743 
Ductus  cochlearis,  759,  764,  765,  769 

endolymphaticus,  763,  769 

reuniens  of  Hensen,  763,  770 

utriculo-saccularis,  763 
Dura  mater,  597 
cranial,  597 

dia]3hragma  sellse  of,  599 
falx  cerebelli  of,  599 

cerebri  of,  599 
lacunae  laterales  of,  603 
layers  of,  598,  600 
parasinoidal  sinuses  of,  603 
prolongations  of,  on  nerves,  598,  600 
spinal,  453,  599 

venous  blood-sinuses  of,  598,  599 

Ear,  743 

external,  743 

meatus  of,  743.    See  also  Auditory  meatus 

pinna  of,  743 
internal,  759.    See  also  Labyrinth 
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Ear,  middle.    See  Tympanic  cavity 
muscles  of,  extrinsic,  402 
intrinsic,  746 
Ebner,  glands  of,  771 
Ejaculator  urinae  muscle,  436 
Elastic  lamina  of  cornea,  726,  727 
Elbow-joint,  movements  at,  336,  354 
muscles  acting  on,  336,  354 
nerves  of,  628 
Embolus  of  cerebellum,  510 
Eminentia  collateralis,  560,  576,  578 
conchse,  744 
teres,  488,  524,  527 
triangularis,  744 
Enceplialon.    See  Brain 
End-bulbs  of  Krause,  775 
Endolymph,  762 
Ependyma,  573 
Ependymal  cells,  451,  459 

layer,  472 
Epibranchial  organs,  701,  702 
Epicranial  aponeurosis,  400,  401 
Epidermis,  773,  778 
Epidural  space,  598,  600 
Epiglottis,  taste  buds  of,  770 
Epithalamus,  542,  594 
Epitricbium,  779 
EjDitrochleo-anconeus  muscle,  350 
Eponycbium,  776,  779 
Erector  clitoridis  muscle,  437 
penis  muscle,  436 
spinse  muscles,  393,  398,  399 
Ethmoidal  cells,  720,  721 
Eustachian  tube,  750,  753 
blood-vessels  of,  754 
in  child,  754 
dilator  muscle  of,  754 
fascia  salpingo-pharyngea  of,  754 
groove  for,  753 
isthmus  of,  753 
lamina  membranacea  of,  754 
nerves  of,  754 

ostium  pharyngeum  of,  753,  754 

tympanicum  of,  753 
pars  cartilaginea  of,  753 

ossea  of,  753 
tonsil  of,  754 
Expiration,  426 
Expression,  facial,  404 

Extensor  brevis  digitorum  muscle,  380,  389,  390 

poUicis  muscle,  352,  354,  355 
carpi  radialis  brevior  muscle,  349,  354 
longior  muscle,  349,  354 

ulnaris  muscle,  350,  354 
communis  digitorum  muscle,  349,  354 
hallucis  longus  muscle,  380 
indicis  muscle,  353,  354 
longus  digitorum  muscle,  379,  389,  390 

poUicis  muscle,  353,  354,  355 

primi  internodii  hallucis  muscle,  380 
minimi  digiti  muscle,  350,  354 
ossis  metacarpi  poUicis  muscle,  351,  354,  355 

metatarsi  hallucis  muscle,  380 
proprius  hallucis  muscle,  380,  389,  390 
Eye,  723.    See  also  Eye -ball 
development  of,  741 
movements  of,  407 
pineal,  547 
Eyeball,  723,  724 

anterior  chamber  of,  730,  737,  743 

coats  of,  725.  See  also  Chorioid,  Retina,  Sclera 

dimensions  of,  724 


Eyeball,  equator  of,  724 
meridional  lines  of,  724 
nerves  of.    See  Nerves,  ciliary 
nervous  tunic  of,  725,  731 
poles  of,  724 

posterior  chamber  of,  730,  737 

refracting  media  of,  725.    See  also  Aqueous 

humour.  Lens,  Vitreous  body 
sagittal  axis  of,  724 
sclero-cornea  of,  725 
shape  of,  724 
sulcus  sclerge  of,  724 

tunica   vasculosa   of,  725,   727.     See  also 
Chorioid,  Ciliary  body,  Iris 
Eyelashes,  738,  739 
Eyelids,  738 

blood-vessels  of,  740 

canthi  of,  738 

development  of,  743 

glands  of  Moll  of,  739,  778 

lacus  lacrimalis  of,  738 

lymphatics  of,  740 

mucous  membrane  of,  738.     See  also  Con- 
junctiva 

muscles  of,  402,  404,  739 

nerves  of,  740 

palpebral  ligament  of,  739 

papilla  lacrimalis  of,  738 

septum  orbitale  of,  739 

skin  of,  739 

tarsal  arches  of,  740 
glands  of,  739,  740 
ligaments  of,  739 
plates  of,  738 

third,  738 

Face,  muscles  of,  402,  404,  442 
Facial  expression,  404 

nerve.    See  Nerve 
Falciform  ligament  of  saphenous  opening,  357 
359 

Fallopius,  aqueduct  of,  752,  762 
Falx  cerebelli,  599 

cerebri,  599 
Fascia  or  Fascise  of  abdomen,  426 

of  arm,  332 

axillary,  321 

of  back,  318,  391 

bicipital,  333 

bulbi,  724 

cervical,  400 

cremasteric,  431,  434 

cribriform,  356 

deep,  317 

of  foot,  376 

of  forearm,  336 

of  groin,  356 

of  hand,  336 
.     of  head,  399 

infundibuliform,  427,  433 

intercolumnar,  430,  434 

lata  of  thigh,  356 

of  leg,  376 

of  lower  limb,  355 

lumbar,  318,  391 

masseteric,  400 

of  neck,  400 

obturator,  438 

of  orbit,  405 

palmar,  338 

pectoral,  321 

pelvic,  438 
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Fascia  or  Fasciae,  of  perineum,  434 

jDlantar,  378 

popliteal,  358 

prevertebral,  401 

pyriformis,  438 

recto-vesical,  439 

salpingo-pliaryngea,  754 

semilunar,  333 

of  shoulder,  327 

spermatic,  430 

superficial,  317 

temporal,  400 

of  thigh  and  buttock,  355 

transversalis,  427 

triangular,  430 

of  upper  limb,  318 
Fasciculus  longitudinal] s  inferior,  590 
superior,  590 

middle,  of  brachial  plexus,  624 

occipito-frontalis,  590 

olfactory,  of  cornu  ammonis,  572 

posterior,  of  brachial  plexus,  624 

retroflexus,  539,  547 

solitarius,  517,  518,  524,  527 

spiralis,  of  cochlear  nerve,  768,  769 

thalamo-mamniillaris,  545 

uncinatus,  590 

of  Vicq  d'Azyr,  545,  548,  572 
Femoral  liernia,  359 

sheath,  358,  427 
Fenestra  ovalis  s.  vestibuli,  752,  759 

rotunda  s.  cochleae,  752 
Fibrse  arcuatse.    See  Arcuate  fibres 

lentis,  737 

Miilleri,  699,  734 
Fibrous  plate,  tymf)anic,  748 
Fifth  ventricle,  573 
Fillet,  494,  592 

connexion  with  cochlear  nuclei,  538 
geniculate  body,  534,  538 
optic  thalamus,  539 
quadrigeminal  body,  534,  538 
superior  olive,  538 

decussation  of,  493 

interolivary  stratum  of,  496 

lateral,  505,  521,  533,  538 

mesial,  504,  539,  546,  553,  592 

in  mid-brain,  533,  534,  535,  538 

in  pons,  502,  504 
Filum  terminale,  452,  459,  599 
Fimbria,  568,  572,  577 
Fimbrio-dentate  sulcus,  569 
Fingers,  movements  of,  354 
Finger-cells,  773 
Fissura  antitragohelicina,  745 

vestibuli,  760 
Fissure  or  Fissures,  calcarine,  565,  576 

calloso-marginal,  560 

of  cerebellum,  506 

of  cerebrum,  553,  554 

chorioidal,  742 

choroidal,  578,  596,  605 

collateral,  559,  579 

complete,  554 

of  cord,  454,  460,  473 

dentate,  554,  569,  577 

ecto-rhinal,  560,  568,  584 

floccular,  509,  529 

Glaserian,  750 

great  horizontal,  of  cerebellum,  506,  531 
longitudinal,   of  cerebrum,   474,  553, 
596 


Fissure  or  Fissures,  hippocampal,  554,  569 
incomplete,  554 
infrapyramidal,  508,  530 
interlobar,  555 
of  medulla,  482 
palpebral,  738 
parallel,  567 
parajDyramidal,  508,  530 
parieto-occipital,  558 

external,  559,  565 

internal,  559,  565 
petro-tympanic,  750 
post-nodular,  509,  530 
post-lunata,  507,  530 
prima,  530 
of  Rolando,  558 

annectant  gyri  of,  558 

development  of,  558,  564 
retrotonsillar,  508,  530 
of  Santorini,  745 
secunda,  508 

suprapvramidal,  508,  530 
of  Sylvius,  553,  555 

anterior  ascending  ramus  of,  556,  557 

development  of,  556 

horizontal  rami  of,  556,  557 

stem  of,  555 

terminal  piece  of,  556 

valleculla  of,  555 
transverse,  of  brain,  604,  605 
Flechsig,  areas  of,  499 
Flexor  accessorius  muscle,  384,  390 

brevis  digitorum  muscle,  386,  389,  390 

hallucis  muscle,  388,  389 

minimi  digiti  of  foot,  388,  389 
of  hand,  347,  353,  354,  355 

pollicis  muscle,  345,  353,  355 
carpi  radialis  muscle,  339,  353,  354 

ulnaris  muscle,  340,  353,  354 
caudas  muscle,  441 

longus  digitorum  muscle,  384,  389,  390 
Flexor  longus  hallucis  muscle,  385,  389,  390 
pollicis  muscle,  343,  353,  355 

profundus  digitorum  muscle,  342,  353,  354 

sublimis  digitorum  muscle,  341,  353,  354 
Flexures  of  brain,  479 
cephalic,  479 
cervical,  477,  479,  526 
pontine,  479 
Flocculus,  508,  509,  529 
Fold  of  Douglas,  432 
Folia  of  cerebellum,  510,  512 
Folium  cacuminis,  506,  507 
Follicles  of  hair,  776 
Fontana,  spaces  of,  727 
Foot,  fasciae  of,  376 

muscles  of,  378,  386,  389 
Foot-plate  of  stapes,  756 
Foramen  of  medulla,  482 

centrale  cochlea,  761 

of  Huschke,  748 

of  Majendie,  512,  601 

of  Monro,  476,  479,  544,  551,  573,  594 

quadratum,  424 

singulare  of  cochlea,  762 
Foramina  nervosa,  765 
Forceps  major,  571,  576 
Fore-arm,  fasciae  of,  336 

muscles  of,  339 
Fore-brain,  476,  478,  542,  594 

corpora  geniculata  of,  542 

epithalamus  of,  542,  547 
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Fore-brain,   liemisplieres   of,   553.     See  also 
Cerebral  liemispheres 

hypothalamus  of,  542,  548 

thalamus  of,  542 
Forel,  decussation  of,  539 

Formatio  reticularis,  457,  460,  490,  498,  499, 

502,  528 
Fornix  of  cerebrum,  571 

connexion  with  hippocampus  major,  572 

development  of,  597 

lyra  of,  572 

pillars  of,  anterior,  548,  550,  572 

posterior,  568,  572 
taenia  of,  572 

of  conjunctiva,  739 
Fossa  or  Fossae,  antihelix,  744 

of  helix,  744 

incudis,  749 

nasal.    See  Nasal  fossa 

patellaris,  735 

rhomboidalis,  482,  487 

of  Eosenmiiller,  754 

of  Sylvius,  556,  596 

triangularis  of  pinna,  744 
Fossula  fenestras  cochleae,  752 
vestibuli,  752 

inferior,  of  internal  auditory  meatus,  762 

superior,  of  internal  auditory  meatus,  762 
Fountain  decussation,  539 
Fourth  ventricle.    See  Ventricle 
Fovea  centralis  retinae,  731,  734 

inferior  of  fourth  ventricle,  488,  527 

superior  of  fourth  ventricle,  488,  527 
Frenulum  of  Giacomini,  569 

veli,  531,  542 
Frontal  gyri.    See  Gyrus 

lobe,  560 

nerve,  679 
Fronto -marginal  sulcus,  560 
Fronto-pontine  tract,  540,  583,  591 
Froriep,  ganglion  of,  700,  701 
Fundiform  ligament,  377 
Fundus  tympani,  749 
Funiculus,  anterior  of  cord,  455 

cuneatus,  455,  466,  473,  484,  489,  491,  492 

gracilis,  455,  466,  473,  484,  489,  491,  492 

lateralis  of  cord,  455 

posterior  of  cord,  455 

of  Rolando,  485,  491 

separans,  488 

Galen,  veins  of,  604 

Gangliated  cord  of  sympathetic.    See  Cord 
Ganglion  or  Ganglia,  aortico-renal,  710,  712 
basal,  of  brain,  579 
of  cardiac  plexuses,  793 
cervical,  inferior,  706,  708 

middle,  706,  708 

plexuses  of,  712 

superior,  706 
ciliary,  680,  701 

development  of,  699 

long  root  of,  680,  681 

short  root  of,  677,  681 

sympathetic  root  of,  681,  708 
coccygeal,  704,  711 
cochlear,  development  of,  699 
coeliac,  713 
of  Corti,  761,  768 
of  cranial  nerves,  443 
diaphragmatic,  622,  713 
of  Froriep,  700,  701 


Ganglion  or  ganglia,  Gasserian,  524,  679,  699, 

701,  702,  707 
geniculate,  524,  686,  699,  701,  702 
habenulae,  547 
impar,  704,  711 
interpedunculare,  539,  548 
jugular,  of  ninth  nerve,  689,  700 

of  vagus,  690,  692 
lenticular,  680 
lumbar,  710 
of  Meckel,  682,  699 
mesenteric,  superior,  713 
nodosum,  690,  692 
olfactory,  698,  703 
otic,  685,  707 

development  of,  699 
petrous,  689,  700,  701 
of  root  of  vagus,  690,  692,  701 
sacral,  711 
of  Scarpa,  768 
semilunar,  710,  712 

of  fifth  nerve,  679 
spheno-j)alatine,  682 

development  of,  699 
spinal,  443,  608 

accessory,  608 

cells  of,  608 

development  of,  661 
spirale  cochleae,  689,  761,  768 
splanchnic,  great,  710 
submaxillary,  685,  687,  707 
sympathetic,  443,  704 

cells  of,  704 

collateral,  704,  715 

development  of,  715 

gray  rami  of.    See  Rami  communicantes 
terminal,  704,  715 
thoracic,  709 

central  branches  of,  710 
first,  706 

peripheral  branches  of,  709,  710 
plexuses  of,  712 

of  trunk  of  vagus,  690,  692,  700,  701 

vestibular,  689,  699,  700 

of  Wrisberg,  693 
Ganglionic  layer  of  retina,  732 
Gasserian  ganglion,  524,  679,  699,  701,  702,  707 
Gastrocnemius  muscle,  381,  389 
Gemellus  inferior  muscle,  372,  375,  376 

superior  muscle,  372,  375,  376 
Geniculate  ganglion,  524,  686,  699,  701,  702 
Genio-hyo-glossus  muscle,  414,  415,  416 
Genio-hyoid  muscle,  414,  415,  416 
Genito-crural  nerve.    See  Nerve 
Gennari,  stria  of,  585 
Genu  of  corpus  callosum,  571 

of  facial  nerve,  686 

of  fissure  of  Rolando,  558 

of  internal  capsule,  583 
Germinal  cells,  447,  471,  661 
Giacomini,  frenulum  of,  569 
Gimbernat,  ligament  of,  430 
Glands  of  Bowman,  722 

ceruminous,  748,  778 

ciliary,  778 

of  Ebner,  771 

lachrymal,  740 

Meibomian,  739 

of  Moll,  739,  778 

olfactory,  722 

sebaceous,  777,  779 

sudoriparous,  778,  779 
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Glands,  tarsal,  739 
Glaseriaii  fissure,  750 
Globe  of  eye,  723,  724 
Globus  pallidus,  580,  581 
Glomerulus,  olfactory,  587 

of  sweat  glands,  778 
Glosso-j)haryngeal  nerve.    See  Nerve 
Glosso-pharyngeus  muscle,  417 
Gluteus  maximus  muscle,  368,  375,  376,  399 
medius  muscle,  370,  375,  376,  399 
minimus  muscle,  370,  375,  376,  399 
Golgi,  cells  of,  464,  586 
GoU,  column  of.    See  Spinal  cord 
Gowers,  tract  of,  468,  469,  473,  484,  498,  511 
Gracile  funiculus.    See  Funiculus 
lobule,  508 
/  nucleus.    See  Nucleus 

Gracilis  muscle,  365,  375,  376 
Granule  cells,  514 

layers  of  retina,  732,  733 
Gray  matter,  central,  of  mid-brain,  533,  550 
of  cerebellum,  509,  512 
of  cerebral  cortex,  554,  584 
cerebro-spinal,  443 
of  cord,  456,  460 

development  of,  473 
of  medulla,  489,  498 
of  optic  thalamus,  544 
Groin,  fasciae  of,  356 
Groove,  antero-lateral,  of  medulla,  482 

antero-median,  of  cord,  482 
Gudden,  commissure  of,  532,  552,  676 
Gustatory  cells,  771 
hair,  771 
pore,  771 
Gyrus  or  Gyri,  554 
angular,  563,  564 

annectant,  deep,  558,  563,  564,  565,  566 
callosal,  568 
central  anterior,  560 

posterior,  564 
cuneate,  565,  566 
cuneo-lingual,  anterior,  566 

posterior,  566 
dentatus,  568 
development  of,  596 
fornicatus,  568 
frontal  ascending,  560 

inferior,  560,  561 

middle,  560,  561 

superior,  560 
hippocampal,  568,  584 
lingualis,  566 
marginalis,  561 
occipito-temporal,  566,  567 
orbitalis  anterior,  562 

internus,  562 

posterior,  562 
parietal,  ascending,  563,  564 

inferior,  563,  564 

superior,  563,  564 
postcentralis,  563 
postparietalis,  563,  564 
rectus,  562 

subcallosus,  571,  573,  597 
supracallosus,  569,  571,  573 
supramarginal,  563,  564 
temporal,  567 
transverse,  567 

Habenula,  commissure  of,  548 
ganglion  of,  547 


Habenula,  perforata,  765 
Haemorrhoidal  arteries.    See  Artery 

plexus,  714 
Hair,  776 

development  of,  779 

erector  muscles  of,  778 

follicle  of,  776 

papilla  of,  777 
Hair-cells,  auditory,  763,  764,  766,  767 
Hair-follicles,  776 
Hairs,  gustatory,  771 

olfactory,  723 
Hamstring  muscles,  372 
Hamulus  of  cochlea,  761 

laminae  spiralis,  761 
Hand,  fasciae  of,  336 

muscles  of,  336,  345 
Hasner,  valve  of,  741 
Head,  fasciae  of,  399 

movements  of,  398,  416 

muscles  of,  401,  442 

nerves  of,  700 

segmental  characters  of,  701 
Heart,  musculi  pectinati  of,  737 
Helicotrema,  761 
Helix,  744 

fossa  of,  744 

muscles  of,  746 

spine  of,  745 

tail  of,  745 
Helmholtz,  ligamenta  mallei  of,  757 
Hemispheres,  cerebellar,  506 

cerebral,  553.    See  also  Cerebral  hemispheres 
Henle,  layer  of,  777 
Hensen,  cells  of,  767 

ductus  reuniens  of,  763,  770 

stripe  of,  767 
Hepatic  plexus,  713 
Hernia,  359,  430,  434 
Hesselbach,  triangle  of,  434 
Hiatus  semilunaris,  721 
Highmore,  antrum  of,  721 
Hilum  of  olivary  nucleus,  495,  510 
Hind -brain,  476,  481 
Hip-joint,  movements  at,  375 

nerves  to,  644,  646,  647,  649,  652 
Hippocampal  fissure,  554,  568 

gyrus,  563 
Hippocampus  major,  576 

connexion  with  fornix,  572 

with  thalamus,  573 
fimbria  of,  568,  572,  577 
olfactory  bundle  of,  572 
pes  of,  577 
Horner,  muscle  of,  741 
Huguier,  canal  of,  750 
Humour,  aqueous,  725,  737 
Huschke,  foramen  of,  748 
Huxley,  layer  of,  777 
Hyaloid  artery,  736,  742 

canal,  736,  742 

membrane,  735 
Hyo-glossus  muscle,  414,  415,  416 
Hyoid  arch,  442,  702 

bone,  movements  of,  415,  419 
Hypogastric  nerves,  642,  712,  714 

plexus,  712,  714 
Hypoglossal  nerve.    See  Nerve 
Hypophysis  cerebri,  549 
Hypothalamus,  542,  595 

Iliac  portion  of  fascia  lata,  356 
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Iliacus  muscle,  362,  363,  375,  376,  399 

minor,  363 
Ilio-capsularis  muscle,  363 
Ilio-coccygeus  muscle,  441 
Ilio-costalis  muscle,  393 
Ilio-hypogastric  nerve,  642 
Ilio-inguinal  nerve,  642 
Ilio-psoas  muscle,  362,  376 
Ilio-sacralis  muscle,  441 
Ilio-tibial  band,  357,  360,  368,  369 
Incisive  bundle,  403 
Incisor  nerve,  685 
Incisura  cerebelli  anterior,  506 
posterior,  506 
intertragica,  744 
temporalis,  560,  568,  584 
tentorii,  531,  599 
terminalis  auris,  745 
Incudo-malleolar  joint,  756 
Incudo-stapedial  joint,  756 
Incus,  756 

articulations  of,  757 
development  of,  757 
ligaments  of,  757 
movements  of,  758 
processus  lenticularis  of,  756 
Index,  auricular,  744 

nasal,  717 
Infracostal  muscles,  422,  426 
Infrahyoid  muscles,  411,  415,  426 
Inframandibular  nerve,  688 
Infraorbital  nerve,  682 

l^lexus,  682,  688 
Infrapatellar  fat-pad,  302 
Infraspinatus  muscle,  329,  331 
Infundibuliform  fascia,  427,  433 
Infundibulum  of  brain,  475,  548,  551,  595 

of  nose,  721 
Inguinal  canal,  432 

hernia,  430,  434 
Insertion  of  muscles,  317 
Inspiration,  326,  331,  426 
Integument,  772 
Interbrain,  476,  478,  542,  594 
Intercolumnar  fascia,  430,  434 
Intercostal  aponeuroses,  422 
muscles,  422,  426 
nerves,  635 
Intercosto-humeral  nerve,  635,  636,  673 
Intercuneiform  joints,  312 
Intermetatarsal  articulations,  314 
Intermuscular  septa  of  arm,  332 
of  foot,  378 
of  leg,  377 
of  thigh,  357 
Internal  capsule.    See  Capsule 
ear,  759.    See  also  Labyrinth 
Interolivary  stratum,  496 
Interosseous  muscles  of  foot,  388,  389,  390 
of  hand,  345,  347,  353,  354,  355 
nerves.    See  Nerves 
Interpeduncular  ganglion,  539,  548 

space,  475,  478 
Interphalangeal  joints  of  foot,  390 
Interspinals  muscles,  398 
Intertarsal  joints,  308,  312 
Intertransversales  muscles,  398 
Intraparietal  sulcus,  563 
Inversion  of  foot,  389 
Iris,  725,  730 

blood-vessels  of,  730 
ciliary  margin,  730 


Iris,  ligamentum  pectinatum  of,  727 

nerves  of,  681,  731 

pupil  of,  730 

pupillary  border  of,  730 
membrane  of,  730 
Ischio-bulbosus  muscle,  436 
Ischio-cavernous  muscle,  436 
Ischio-coccygeus  muscle,  441 
Ischio-pubicus  muscle,  437 
Isthmus  of  auditory  meatus,  747 

of  brain,  476 

of  callosal  gyrus,  568 

cartilaginis  auris,  745 

of  Eustachian  tube,  753 

of  limbic  lobe,  568 

rhombencephali,  476 
Iter  chordee  anterius,  687,  750 
posterius,  687 

Jacobson,  nerve  of,  689 

organ  of,  720 
Jaw,  movements  of,  410 
Joints,  atlo-axial,  398 

of  auditory  ossicles,  756 

of  foot,  nerves  of,  651,  653,  654,  655 

incudo-malleolar,  756 

incudo-stapedial,  756 

interphalangeal,  of  foot,  390 

metatarso-phalangeal,  390 

tibio-fibular,  superior,  389 

wrist,  movements  at,  354 

Keratin,  774 

Knee-joint,  movements  at,  376 

nerves  of,  645,  646,  647,  650,  651,  652 

Krause,  end-bulbs  of,  775 
valve  of,  741 

Labial  nerves,  682 
Labium  tympanicum,  765 

vestibulare,  765 
Labyrinth,  auditory,  759  ;  auditory  nerve  in, 

768  ;  blood-vessels  of,  769  ;  cochlea  of,  759, 

760,  764 ;  development  of,  769  ;  endolymj^h 

of,  762 ;  hair-cells  of,  763,  764,  766,  767 ; 

membranous,  759,  762  ;  organ  of  Corti  of, 

765,  766 ;  osseous,  759 ;  otoconia  of,  763 ; 

perilymph  of,  762 ;   saccule   of,  759,  762 ; 

763 ;  saccus  endolymphaticus  of,  763  ;  semi- 
circular canals  of,  759,  760,  764  ;  utricle  of, 

759,  762 ;  vestibule  of,  759 
Lachrymal  apparatus,  740 

canals,  740,  743 

gland,  740 
inferior,  740 
orbital  portion  of,  740 
palpebral  portion  of,  740 
superior,  740 

nerve,  679 

papillae,  738,  740 

j)uncta,  740 

sac,  740,  741 
Lacunae  laterales  of  longitudinal  sinus,  603 
Lacus  lacrimalis,  738 
Lagena  cochleae,  764 
Lambdoid  ligament,  377 
Lamina  or  Laminae,  alar.    See  Neural  tube 

basal.    See  Neural  tube 

basalis  of  chorioid,  727,  728 

chorio-capillaris,  728 

cinerea,  549,  595 

cribrosa  inferior,  760 
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Lamina  or  Laminae,  cribrosa  sclerse,  725 
elastic,  of  cornea,  726,  727 
fusca,  725 

medullary  external,  543,  544,  580 

internal,  545,  580 
quadrigemina,  533 
reticularis,  766,  767 
sjDiralis  ossea,  760,  761,  765 

secundaria,  760,  761 
suprachorioidea,  728 
terminalis,  479 
vasculosa  of  cliorioid,  728 
Lanugo,  779 

Laryngeal  nerves.    See  Nerves 

nucleus,  517 
Lateral  ligaments  of  jaw,  401 

line,  organs  of,  701 

ventricles.    See  Ventricle 
Latissimus  dorsi  muscle,  319,  326,  331,  399,426 
Leg,  fasciae  of,  376 

intermuscular  septa  of,  377 

muscles  of,  378,  389 
Lemniscus,  494.    See  also  Fillet 
Lens,  725,  736 ;  axis  of,  733  ;  capsule  of,  736  ; 

cortical  substance   of,  736 ;  curvatures  of, 

736  ;  development  of,  703,  742  ;  at  different 

ages,  737  ;  epithelium  of,  737,  742  ;  equator 

of,  736 ;  fibres  of,  737,  742  ;  laminas  of,  737  ; 

nucleus  of,  737  ;  poles  of,  736  ;  radii  of,  737  ; 

refractive  index  of,  736  ;  suspensory  ligament 

of,  736  ;  vascular  tunic  of,  742  ;  vesicle,  742 
Lenticular  ganglion,  680 

nucleus,  579,  580 

j^rocess,  756 
Leptorliine  skulls,  717 
Levator  anguli  oris  muscle,  403,  405 
scapulae  muscle,  319,  326,  398 

ani  muscle,  440 

glandulae  thyreoideae,  412 

labii  superioris  muscle,  403,  405 
alaeque  nasi,  403,  405 

menti  muscle,  404,  405 

palati  muscle,  418,  419 

palpebrae  superioris  muscle,  405,  407 

prostatas  muscle,  441 
Levatores  costarum  muscles,  422,  426 
Ligaments,  annular,  of  ankle,  377 
of  stapes,  752,  757 
of  wrist,  337 

arcuate,  424 

of  auditory  ossicles,  756 

calcaneo-metatarsal,  378 

coraco -humeral,  324 

falciform,  of  saphenous  opening,  357,  359 

fundiform,  377 

of  Gimbernat,  430 

of  incus,  756,  757 

lambdoid,  377 

of  malleus,  756 

jDalpebral,  739 

of  patella,  357,  362,  377 

of  ]3inna,  745 

j)isi -metacarpal,  340 

pisi- unciform,  340 

of  Poupart,  429 

pterygo -spinous,  401 

p>ubo -prostatic,  439 

sjDiral  of  cochlea,  765 

of  stapes,  756 

stylo-mandibular,  401 

suspensory,  of  lens,  736 

tarsal,  of  eyelids,  739,  741 


Ligaments,  transverse,  metacarpal,  338 
metatarsal,  378 
triangular,  of  perineum,  438 
of  tympanic  membrane,  750 
vaginal,  339,  378 
Ligamentum  or  Ligamenta,  accessoria,  342,  343, 
384 

brevia,  342,  343,  384 
denticulatum,  453,  602,  605 
labyrinthi  canaliculorum,  764 
longa,  342,  343,  384 
patella?,  362 
pectinatum  iridis,  727 
spirale  cochleae,  765 
Ligula,  512 

Limbs,  dorsal  axial  line  of,  614,  672 
lower,  fasciae  of,  355 
movements  of,  390 
muscles,  355 

nerves  of,  cutaneous,  668,  669,  671,  672, 
673 

muscular,  669,  670,  671 
morj)hology  of  muscles  of,  441 

of  nerve -plexuses  of,  662 
nature  of,  662 

nerve-plexuses  of,  662,  672,  673,  674 
post-axial  border  of,  662,  663,  664 
pre-axial  border  of,  662,  663,  664 
segmental  relations  of,  663 
surfaces  of,  662,  663 
upper,  fasciae  of,  318 
muscles  of,  318 

nerves  of,  cutaneous,  665,  666,  672 
muscular,  667,  671 

ventral,  axial  line  of,  660,  672 
Limbic  lobe,  568 
Limbus  laminae  spiralis,  765 
Limen  insulae,  568 

nasi,  719 
Linea  or  Lineae,  alba,  428 

semilunaris,  430,  432 

splendens,  605 

transversag,  465 
Line  of  chest.    See  Thorax 

dorsal  axial,  of  limbs,  614,  672 

lateral,  organs  of,  701 

ventral  axial,  of  limbs,  660,  672 

white,  of  pelvis,  438,  440 
Lingual  nerve.  See  Nerve 
Lingualis  muscle,  inferior,  415 

superior,  415 
Lingula  of  cerebellum,  487,  506,  507 
Lip,  rhombic,  527 
Lissauer,  tract  of,  468 
Lobe  or  Lobes,  of  cacumen,  507 

central,  of  cerebellum,  506,  507 

cerebellar,  506 

cerebral,  555 

of  clivus,  507 

of  culmen,  507 

frontal,  560 

insular,  556,  567 

limbic,  568 

of  nodulus,  508 

occipital,  564 

olfactory,  479,  569,  588,  596 
parietal,  562 

of  pyramid  of  cerebellum,  508 
pyriform,  568,  584 
temporal,  567,  588 
of  tuber  of  cerebellum,  508 
of  uvula  of  cerebellum,  508 
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Lobule  of  ear,  V44,  745 

Lobules  of  cerebellum,  506,  507,  508 

Locus  coeruleus,  488,  527 

perforatus  anticus,  475,  570,  580,  582 
posticus,  475,  478,  548,  550 
Longissimus  caj)itis  muscle,  395 

cervicis  muscle,  394 

dorsi  muscle,  393 
Longitudinal  bundle,  posterior,  491,  494,  502, 
504,  524,  535,  537,  541,  542,  553 

sinus.    See  Sinus 
Longus  colli  muscle,  421 
Loop  of  subclavian,  708 
Lowenthal,  marginal  bundle  of,  521 
Lumbar  fascia,  318,  391 

ganglia,  710 

nerves.    See  Nerves 

plexus,  639,  641 

sympathetic,  710 
Lumbo-sacral  cord,  648 

plexus.    See  Plexus 
Lumbricales  muscles  of  foot,  384,  389,  390 

of  band,  343,  353,  354,  355 
Lunula,  775 
Lyra,  572 

Macula  acustica,  762,  763 

cribrosa  media,  759 
superior,  759 

lutea,  731,  734 
Maier,  sinus  of,  740 
Malar  nerve,  681,  688 

Malleolar  folds  of  tympanic  membrane,  750 
Malleus,  754 

articulations  of,  756 
development  of,  757 
ligaments  of,  757 
movements  of,  758 
Mal2)igliian  layer  of  skin,  773 
Mammillary  bodies,  475,  478,  595 
Mandibular  arch,  442,  701 
Mantle-layer,  472 
Manubrium  mallei,  755,  756 
Marginal  gyrus,  561 

tract,  521 
Martinotti,  cells  of,  586 
Masseter  muscle,  407,  416 
Masseteric  fascia,  400 
Mastication,  muscles  of,  407,  410 
Mastoid  air-cells,  752 
antrum,  749,  752 
process,  752 
Meatus,  auditory,  external,  746 
internal,  761 
of  nose,  atrium  of,  721 
inferior,  721 
middle,  721 
superior,  720 
Meckel,  band  of,  757 

ganglion  of,  682,  699 
Median  nerve,  625,  627 
Medulla  oblongata,  481 

anterior  basis-bundle  of,  483,  491,  494 
antero-lateral  furrow  of,  482 
antero-median  groove  of,  482 
arcuate  fibres  of.    See  Arcuate  fibres 
areas  of,  483,  488,  499 
acustic,  488,  520,  527 
anterior,  483,  499 
lateral,  483,  499 
posterior,  484,  499 
association  fibres  of,  498 


Medulla  oblongata,  calamus  scriptorius  of,  488 
central  canal  of,  498 
cerebello-olivary  fibres  of,  496 
clava  of,  484,  492 
closed  part  of,  482,  489,  525 
cuneate  tubercle  of,  485,  492 
development  of,  477,  480,  526 
direct  cerebellar  tract  of,  484,  485,  496 
fasciculus  solitarius  of,  517,  527 
fillet-fibres  of,  493,  496 
foramen  ctecum  of,  482 
formatio  reticularis  of,  490,  498,  499,  528 
fovea  inferior  of,  488,  527 
funiculus  cuneatus  of,  484,  489,  491,  492 

gracilis  of,  484,  489,  491,  492 

of  Rolando  of,  485,  491 
gray  matter  of,  489,  498 
intercalated  portion  of,  526 
internal  structure  of,  489 
lateral  basis-bundle  of,  484,  498 
nuclei  of,  490.    See  also  Nucleus,  gracile, 

arcuate,  olivary,  cuneate,  lateralis 
olivary  eminence  of,  484,  494.    See  also 

Nucleus,  olivary 
open  part  of,  482,  487 
origin  of  nerves  from,  482,  514 
position  and  connexions  of,  475,  481 
posterior  longitudinal  bundle  in,  491,  494 
postero-lateral  furrow  of,  482 
postero-median  fissure  of,  482 
pyramidal  tract  in,  483,  489,  490,  494, 

528 

pyramids  of,  483,  490,  528 
raphe  of,  489,  528 
restiform  body  of,  485,  489,  496 
striae  acusticse  of,  488,  497,  521 
tract  of  Gowers  in,  484,  498 
trigonum  acustici  of,  488 
hypoglossi  of,  488,  516,  527 
vagi  of,  488,  517,  527 
tuberculum  Eolandi  of,  485,  491 
white  matter  of,  489 
Medullary  centre,  554,  584,  588 
corona  radiata  of,  591 
myelinisation  of,  594 
lamina,  external,  543,  544,  580 

internal,  545,  580 
velum.    See  Velum 
Meibomian  glands,  739 
Meissner,  coriDuscles  of,  775 
Melanin,  774 

Membrana  basilaris  cochleae,  761,  764,  765,  766 
substantia  proj^ria  of,  766 
vas  spirale  of,  766 
zona  arcuata  of,  766 
zona,  pectinata  of,  766 
limitans  retinse  externa,  734 

retinae  interna,  734 
pupillaris,  730,  742 
tectoria,  766,  767 
tympani,  750 

annulus  fibro-cartilagineus  of,  750 
blood-vessels  of,  751 
dendritic  fibres  of,  752 
lymi^hatics  of,  751 
malleolar  folds  of,  750 
membrana  propria  of,  751 
nerves  of,  751 

otoscopic  appearances  of,  751 
pars  flaccida  of,  750 

tensa  of,  750 
secundaria,  752 
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Membrana  tympani,  stratum  circulare  of,  751 
cutaneum  of,  751 
mucosum  of,  751 
radiatiim  of,  751 
umbo  of,  751 
vestibularis,  765 
Membrane  of  Bruch,  728,  729 
costo-coracoid,  321 
hyaloid,  735 
nictitating,  738 
of  Reissner,  765 
of  Ruysch,  728 
Sclmeiderian,  722 
of  Shrapnell,  750 

tympanic.    See  Meml^rana  tympani 
Membranous  labyrinth,  759,  762 
Meninges,  597.    See  also  Dura,  Arachnoid,  Pia 

Mater 
Mental  nerve,  685 

Mesencephalon,  476,  477,  481,  531.     See  also 

Mid -brain 
Mesenteric  ganglion,  superior,  713 

plexus,  713,  714 
Mesorhine  skulls,  717 
Metacarpal  ligament,  transverse,  338 
Metatarsal  ligaments,  transverse,  378 
Metatarso-phalangeal  joints,  390 
Metathalamus,  542,  594 
Metencephalon,  477,  481 
Meynert,  decussation  of,  539 
Mid-brain,  481,  531 

aqueduct  of  Sylvius  of,  531,  533,  542,  551 

corpora   quadrigemina   of,   531.     See  also 
Corpora  quadrigemina 

cortico-pontine  fibres  of,  540 

crura  of,  532.    See  also  Crura  cerebri 

deep  origin  of  nerves  from,  540 

development  of,  476,  477,  542 

fasciculus  retrollexus  of,  539 

fillet  fibres  of,  533,  534,  535,  538 

fountain  decussation  of,  539 

frenulum  veli  of,  531,  542 

ganglion  interj)edunculare  of,  539 

internal  structure  of,  533 

lamina  quadrigemina  of,  533 

lateral  sulcus  of,  533 

nuclei  of,  533,  534,  535,  536 

oculomotor  sulcus  of,  533 

posterior  longitudinal  bundle  of,  535,  537 

pyramidal  fibres  of,  540 

situation  and  connexions  of,  476,  531 

stratum  griseum  centrale  of,  533 
intermedium  of,  581 

substantia  nigra  of,  533,  546,  581 

superior  cerebellar  peduncle  in,  535 

sylvian  gray  matter  of,  533,  540,  550 
Middle -ear.    See  Tympanic  cavity 
Modiolus,  760 

Molecular  layers  of  retina,  732,  733 
Moll,  glands  of,  739,  778 

Monro,  foramen  of,  476,  479,  544,  551,  573,  594 

sulcus  of,  551,  594 
Monticulus,  506,  507 
Morphology  of  cervical  ^^lexus,  622 

of  cranial  nerves,  700 

of  head-muscles,  442 

of  limb-muscles,  441 

of  limb-jDlexuses,  662 

of  posterior  divisions  of  spinal  nerves,  614 
of  pudendal  plexus,  660 
of  skeletal  muscles,  441 
of  sympathetic  system,  716 


Moss -fibres,  514 
Mouth,  muscles  of,  403 
Movements  in  leaping,  390 
in  locomotion,  390 
of  respiration,  426 
in  running,  390 
in  swallowing,  419 
in  walking,  390 
Miiller,  fibres  of,  699,  734 

muscle  of,  406 
Multifidus  spinse  muscle,  395,  398,  399 
Muscle  or  Muscles,  of  abdominal  wall,  427 
abductor  digiti  quinti,  347,  353,  387,  390 
hallucis,  386,  389 
longus  poUicis,  351 
minimi  digiti  of  foot,  387,  389 

of  hand,  347,  353 
pollicis  brevis,  345,  353,  355 
accessorius  of  back,  393 

of  foot,  384,  389 
adductor  brevis,  366,  375,  376,  399 
longus,  365,  375,  376,  399 
magnus,  366,  375,  376,  399 
minimus,  367 
obliquus  hallucis,  388,  389 

pollicis,  346,  353 
transversus  hallucis,  388,  389 
pollicis,  346,  353,  355 
agitator  caudas,  369 
anconeus,  350,  354 
antitragicus,  746 
ai:)pendicular,  318 
of  arm,  332 

arrectores  pilorum,  778 
attoUens  aurem,  402,  404 
attrahens  aurem,  402,  404 
auricularis  anterior,  402 

j)Osterior,  402 

superior,  402 
axial,  318,  391 
azygos  uvulae,  418,  419 
of  back,  318,  392,  398 
biceps  brachii,  332,  336,  354 
biceps  femoris,  372,  375,  376 
biventer  cervicis,  395 
brachialis  anticus,  334,  336 
brachio-radialis,  349,  354 
buccinator,  404,  405,  407,  410,  419 
bulbo-cavernosus,  436 
of  buttock,  368,  375 
cervicalis  ascendens,  393 
chondro-epitrochlearis,  324 
chondro-glossus,  414,  416 
ciliary,  729 

circumflexus  23alati,  419 
cleido-mastoid,  411 
cleido-occijDitalis,  411 
complexus,  395,  398 
compressor  bulbi,  436 

hemispherium  bulbi,  436 

naris,  403 

radicis  penis,  436 

urethrse,  437 

venae  dorsalis  penis,  437 
constrictor  pharyngis,   inferior,   417,  419, 
442 

middle,  417,  419,  442 
superior,  416,  419,  442 
urethrse,  437 
coraco-brachialis,  332,  336 

superior,  332 
corrugator  cutis  ani,  436 
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Muscle  or  Muscles,  corrugator  supercilii,  403, 
404 

costo-coracoideus,  324 
cremaster,  431 
crureus,  361,  375 
cucullaris,  318 
dartos,  434 
deltoid,  327,  331 
depressor  alse  nasi,  403 

auguli  oris,  404,  405 

labii  inferioris,  404,  405 

septi,  403 
development  of,  441 
diaphragm,  423,  426 
digastric,  413,  415,  416,  442 
dilator  naris,  403 

pupilke,  731 

tubte,  754 
dorso-epitroclilearis,  324 
with  double  nerve-supply,  671 
of  ear,  extrinsic,  402 

intrinsic,  746 
ejaculator  urinse,  436 
epitrochleo-anconeus,  350 
erector  clitoridis,  437 

penis,  436 

spinas,  393,  398,  399 
extensor  brevis  digitoriim,  380,  389,  390 
pollicis,  352,  354,  355 
carpi  radialis  brevior,  349,  354 
longior,  349,  354 
ulnaris,  350,  354 
communis  digitorum,  349,  354 
hallucis  longus,  380 
indicis,  353,  354 
longus  digitorum,  379,  389,  390 
pollicis,  353,  354,  355 
primi  internodii  hallucis,  380 
minimi  digiti,  350,  354 
extensor  ossis  metacarpi  pollicis,  351,  354,  355 
ossis  metatarsi  hallucis,  380 
proprius  hallucis,  380,  389,  390 
extensor  quinti  digiti  proprius,  350 
of  eyeball,  morphology  of,  701 
of  eyelids,  402,  404,  738,  739 
of  face,  402,  404,  442 
fasciculi  of,  316 
flexor  accessorius,  384,  390 

brevis  digitorum,  386,  389,  390 
hallucis,  388,  389 
minimi  digiti  of  foot,  388,  389 
of  hand,  347,  353,  354,  355 
brevis  pollicis,  345,  353,  355 
carpi  radialis,  339,  353,  354 

ulnaris,  340,  353,  354 
caudse,  441 

digiti  quinti  brevis,  347,  388 
longus  digitorum,  384,  389,  390 
hallucis,  385,  389,  390 
pollicis,  343,  353,  355 
profundus  digitorum,  342,  353,  354 
sublimis  digitorum,  341,  353,  354 

of  foot,  378,  386,  389 

of  forearm,  339 

gastrocnemius,  381,  389 

gemellus  inferior,  372,  375,  376 
superior,  372,  375,  376 

genio-hyo-glossus,  414,  415,  416 

genio-hyoid,  414,  415,  416 

glosso-pharyngeus,  417 

gluteus  maximus,  368,  375,  376,  399 
medius,  370,  375,  376,  399 
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Muscle  or  Muscles,  gluteus  minimus,  370,  375, 

376,  399 
gracilis,  365,  375,  376 
hamstring,  372 
of  hand,  336,  345 
of  head,  401,  442 
helicis  major,  746 

minor,  746 
of  Horner,  741 
hyo-glossus,  414,  415,  416 
of  hyoid  bone,  410,  415 
iliacus,  362,  363,  375,  376,  399 

minor,  363 
ilio-capsularis,  363 
ilio-coccygeus,  441 
ilio-costalis,  393 
ilio-psoas,  362,  376 
ilio-sacralis,  441 
infracostales,  422,  426 
infrahyoid,  411,  415,  426 
infraspinatus,  329,  331 
insertion  of,  317 
intercostal,  external,  422,  426 

internal,  422,  426 
interosseous  of  foot,  388,  389,  390 

of  hand,  345,  347,  353,  354,  355 
intersjDinales,  398 
intertransversales,  398 
ischio-bulbosus,  436 
ischio-cavernosus,  436 
ischio-coccygeus,  441 
ischio-pubicus,  437 

latissimus  dorsi,  319,  326,  331,  399,  426 
of  leg,  378,  389 
levator  anguli  oris,  403,  405 
scapulse,  319,  326,  398 
ani,  440 

levator  glandulse  thyroidese,  412 
levator  labii  superioris,  403,  405 
alseque  nasi,  403,  405 

menti,  404,  405 

palati,  418,  419 

palpebrse  superioris,  405,  407 

prostatse,  441 
levatores  costarum,  422,  426 
lingualis  inferior,  415 

superior,  415 
of  little  finger,  346 
longissimus  capitis,  395 
longissimus  cervicis,  394 

dorsi,  393 
longus  colli,  421 
of  lower  limb,  355 
lumbricales  of  foot,  384,  389,  390 

of  hand,  343,  353,  354,  355 
masseter,  407,  416 
of  mastication,  407,  410 
morphology  of,  441 
of  mouth,  403 
of  Miiller,  406 

multifidus  spinse,  395,  398,  399 

mylo-hyoid,  413,  415,  416 

nasalis,  403 

of  neck,  410,  419 

of  nose,  403,  405 

obliquus  auriculae,  746 

externus  abdominis,  427 

inferior,  of  neck,  397,  399 
of  orbit,  406 

internus  abdominis,  430 

superior,  of  neck,  397,  399 
of  orbit,  406,  407 
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Muscle  or  muscles,  obturator  externus,  367,  375, 
376,  399 

internus,  371,  375,  376,  399 
occipito-frontalis,  401,  404 
omoliyoid,  411,  415,  416 
opponens  digiti  quiiiti,  347,  353,  355 

minimi  digiti,  347,  353,  355 

pollicis,  345,  353,  355 
orbicularis  oris,  403,  405 

palpebrarum,  402,  404,  405 
of  orbit,  405,  407,  442 
origin  of,  317 

palato-glossus,  415,  416,  419 
palato-pliaryngeus,  417,  418,  419 
palmaris  brevis,  336 

longus,  340,  353,  354 
pectineus,  364,  375,  376 
of  pectoral  region,  321 
pectoralis  major,  322,  326,  331,  426 

minimus,  324 

minor,  324,  326,  426 
of  pelvis,  440 
of  perineum,  435 
peroneo-calcaneus,  385 

externus,  381 
peroneo-cuboideus,  381 
peroneus  accessorius,  381 

brevis,  381,  389 

longus,  381,  389 

quinti  digiti,  381 

tertius,  380,  389 
of  pharynx,  416,  419,  442 
of  pinna,  746 
plantaris,  382,  389 
platysma  myoides,  401,  404,  442 
popliteus,  383,  389 

minor,  384 
pronator  quadratus,  344,  353,  354 

radii  teres,  339,  353,  354 
psoas  magnus,  362,  375,  398,  399 

parvus,  363,  375,  398,  399 
pterygoid,  external,  408,  410 

internal,  410 
pubo-cavernosus,  437 
pubo-coccygeus,  441 
pubo-rectalis,  441 
pyramidalis  abdominis,  431 
pyramidalis  nasi,  403,  404 

pinnte,  746 
pyriformis,  371,  375,  376,  399 
quadratus  femoris,  372,  375,  376 

lumborum,  434 
quadratus  jDlantee,  384 
quadriceps  extensor  femoris,  359,  375,  376 
rectus  abdominis,  432 

capitis  anticus  major,  420 
minor,  421 
lateralis,  398,  399,  422 
posticus  major,  397 
minor,  397 

femoris,  359,  375,  399 

of  orbit,  external,  405,  407 
inferior,  405,  407 
internal,  405,  407 
superior,  405,  407 
of  respiration,  422,  426 
retrahens  aurem,  402,  404 
rhomboideus  major,  321,  326 

minor,  320,  326 
of  Eiolan,  739 
risorius,  404,  405 
rotator  humeri,  332 


Muscle  or  Muscles,  rotatores  dorsi,  397,  398 
sacro-spinalis,  393 
salpingo-pharyngeus,  417,  754 
sartorius,  359,  375,  399 
scalenus  anticus,  419,  426 
medius,  420,  426 
posticus,  420,  426 
of  scalp,  401,  404 
scansorius,  371 

semimembranosus,  374,  375,  376 
semisiDinalis  capitis,  395 

colli,  395,  398 

dorsi,  395,  398 
semitendinosus,  373,  375,  376 
serratus,  anterior,  325 

magiius,  325,  326,  426 

posticus,  inferior,  392,  398,  426 
superior,  392,  398,  426 
of  shoulder,  327 
skeletal,  316 
of  soft  palate,  418,  442 
Boleus,  382,  389 

sphincter  ani  externus,  435,  438,  441 

pupillse,  731 

vaginse,  436 
spinalis  dorsi,  395 
splenius  capitis,  392,  398 
eplenius  colli,  393,  398 
stapedius,  757 
sternalis,  324 
Bterno-clavicularis,  325 
sterno-cleido-mastoid,  410,  416 
sterno-hyoid,  411,  415,  416 
Bterno-mastoid,  411,  416,  426 
sterno-thyroid,  412,  415,  416 
stylo-auricularis,  746 
stylo-glossus,  414,  415,  416 
stylo-hyoid,  413,  415,  416,  442 
stylo-pharyngeus,  417,  419,  442 
subanconeous,  336 
subclavius,  324,  326 
subcostales,  422,  426 
subcrureus,  362 
subscapular  is,  330,  331 

minor,  331 
supinator  brevis,  351,  354 
supra -hyoid,  412,  415 
supraspinatus,  329,  331 
temporal,  408,  410 
tensor  fascije  femoris,  369,  375,  399 
suralis,  373 

palati,  419,  754 

tarsi,  403,  405,  741 

tymjjani,  757 
teres  major,  330,  331 

minor,  329,  331 
of  thigh,  355,  375 
of  thorax,  422,  426 
of  thumb,  343,  345,  355 
thyro-hyoid,  412,  415,  416 
tibialis  anticus,  378,  389 

posticus,  385,  389 
tibio-fascialis  anticus,  379 
of  tongue,  414,  415,  442,  701 
trachelo-mastoid,  395,  399 
tragicus,  746 

transversalis  abdominis,  431 

cervicis,  394 
transverse,  of  tongue,  415 
transversus  perinci  superficialis,  436 

auriculae,  746 

perinei  profundus,  437 
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Muscle  or  Muscles,  transversus  thoracis,  422 
vaginae,  437 
trapezius,  318,  326 
triangularis  sterni,  422,  426 
triceps  bracliii,  334,  336 

femoris,  381 
of  tympanic  cavity,  757 
of  upper  limb,  318 
vastus  extern  us,  361,  375 
intermedins,  361 
internus,  361,  375 
zygomaticus  major,  404,  405 
minor,  404,  405 
Muscle -cells,  316 
Muscular  system,  316 
Musculo-cutaneous  nerve.    See  Nerve 
Musculo -spiral  nerve,  625,  632,  673 
Myelenceplialon,  477,  481 
Myelin,  444 

Myelinisation,  466,  470,  473,  537,  594 
Myelospongium,  472 
Mylohyoid  muscle,  413,  415,  416 

nerve,  685 
Myology,  316 
Myotomes,  317,  441 

cephalic,  442,  701 

Nail,  775 
bed  of,  775 
development  of,  779 
lunula  of,  775 
matrix  of,  775 
papillae  of,  775 
vallum  of,  775 
wall,  775 
Nares,  anterior,  717 

posterior,  719 
Nasal  artery.    See  Artery 
duct,  740,  741,  743 

development  of,  743 
fossa,  agger  nasi  of,  721 

atrium  of,  721 

basal  cells  of,  723 

blood-vessels  of,  723 

Bowman's  glands  of,  722 

bulla  ethmoidalis  of,  721 

cavernous  tissue  of,  722 

epithelium  of,  722,  723 

hiatus  semilunaris  of,  721 

inferior  meatus  of,  721 

infundibulum  of,  721 

inner  wall  of.    See  Septum 

limen  of,  719 

lymphatics  of,  723 

middle  meatus  of,  721 

olfactory  cells  of,  723 
part  of,  720,  722 

orifices  in,  719,  720,  721,  741 

organ  of  Jacobson  of,  720 

outer  wall  of,  720 

recessus  naso-palatinus  of,  720 
spheno-ethmoidalis  of,  720 

respiratory  part  of,  720,  722 

sensory  nerves  of,  723 

superior  meatus  of,  720 

supporting  cells  of,  722 

ventricle  of,  719 

vestibule  of,  719 
index,  717 
nerve.    See  Nerve 
pit,  698,  703 
septum,  720 


Naso-labial  band,  403 
Naso-palatine  nerve,  683 
Neck,  fasciae  of,  399 

muscles  of,  399,  410,  419 
Neo-pallium,  568,  584 
Nerve  or  Nerves,  abducent,  686,  701 
development  of,  699 
nucleus  of,  502,  524,  537,  538 
origin  of,  deep,  502,  524 
superficial,  486,  524,  686 
accessory  obturator,  647 
acromial  descending,  617,  619,  622 
acusticus,  519,  688 

to  adductor  magnus,  645,  647,  649,  671 
alveolares  superiores,  682 
alveolaris  inferior,  685 
to  ankle-joint,  651,  653 
anterior  crural,  642,  645 

cutaneous,  of  thorax,  636,  638 

thoracic,  626 
of  Arnold,  692 

to   articulations   of   foot,   651,   653,  654, 
655 

auditory,  688,  702 

cochlear  division  of,  689,  768 
development  of,  699 
in  labyrinth,  768 

nucleus  of,  488.   See  also  Nucleus,  cochlear, 
vestibular 

origin  of,  deep,  519 

superficial,  486,  519,  688 

radix  cochlearis  of,  688,  699 
vestibularis  of,  688,  699 

ramus  sacculo-ampullaris  of,  769 
utriculo-ampullaris  of,  769 

vestibular  division  of,  689,  768 
auricular,  of  auriculo-temporal,  684 

great,  617,  618,  622 

posterior,  687 

of  vagus,  692 
auriculo-ampullaris,  769 
auriculo-temporal,  684 
to  azygos  uvulae,  683 
bigeminus,  639,  647 
to  brachial  artery,  627 
buccal,  684 

of  facial,  688 
to  bulb  of  urethra,  659 
calcanean,  internal,  653 
cardiac,  inferior,  692,  693,  708 

middle,  708 

superior,  692,  707 
caudal,  460,  608,  614,  658 
cervical,  607,  611 

anterior  primary  divisions  of,  617.  See 
also  Plexus,  cervical,  brachial 

descending,  621,  697 

first,  611 

gray  rami  of,  617 

superficial,  617,  618,  622 
chorda  tympani,  685,  687,  699,  702,  771 
ciliary,  680,  681,  725,  727,  731 
circumflex,  625,  632 
clavicular  descending,  617,  619,  622 
clunium  inferiores,  657 
coccygeal,  607,  613,  655 
to  coccygeus,  657 
cochlear,  689,  768,  769 

deep  origin  of,  519,  534 

spiral  fasciculi  of,  768 
communicans  fibularis,  650 
to  constrictors  of  pharynx,  690,  692 
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Nerve  or  Nerves,  to  corpus  cavernosiim,  660 
cranial,  443,  674 

afferent  roots  of,  698,  VOl 
connexion  with  superior  cervical  ganglion, 
706 

deep  connexions  of,  514,  540,  552 
development  of,  698 
efferent  roots  of,  698,  701 
ganglia  of,  443 
general  distribution  of,  674 
motor  nuclei  of,  515 
morjDliology  of,  700 
nuclei  of  origin  of,  515 

of  termination  of,  514,  515 
roots  of,  443 

segmental  characters  of,  701 

1st.    See  Nerve,  olfactory 

2nd.    See  Nerve,  optic 

3rd.    See  Nerve,  oculomotor 

4th.    See  Nerve,  trochlear 

5th.    See  Nerve,  trigeminal 

6th.    See  Nerve,  abducent 

7th.    See  Nerve,  facial 

8th.    See  Nerve,  auditory 

9th.    See  Nerve,  glosso-pharyngeal 

10th.    See  Nerve,  vagus 

11th.    See  Nerve,  spinal  accessory 

12th.    See  Nerve,  hypoglossal 
to  cremaster,  643 
crural,  of  genito-crural,  643 
cutaneous,  of  abdomen,  638,  639,  643 

clunium,  inferior,  657 

colli,  618 

cutaneous,  of  lower  limb,  668,  669,  671,  673 

surse,  650,  653 

of  upper  limb,  665,  666,  672 
dental,  anterior,  682 

inferior,  685 

middle,  682 

posterior,  681 
descendens  hypoglossi,  621,  697 
to  diaphragm,  617,  621,  622,  638 
to  digastric,  686,  687 
digital,  of  foot,  652,  653,  654,  655 

of  hand,  629,  630,  631,  634 
to  dilatator  pupillije,  731 
dorsal,  of  penis,  660 
of  elbow-joint,  628 
of  Eustachian  tube,  754 
of  external  auditory  meatus,  748 
external  cutaneous,  of  thigh,  642,  643 

respiratory,  of  Bell,  625 
of  eyelid,  740 
facial,  686,  702 

afferent  root  of,  699,  702 

in  aqueduct  of  Fallopius,  686 

ascending  part  of,  523 

in  auditory  meatus,  686 

branches  of,  686 

central  connexions  of,  523 

cervico-facial  division  of,  688 

communications  of,  686 

deep  origin  of,  523 

development  of,  699 

efferent  root  of,  699,  701,  702 

emergent  part  of,  523 

geniculate  ganglion  of,  524,  686,  699,  701, 
702 

geniculum  of,  686 
intrapontine  course  of,  523 
in  neck,  687 
nucleus  of,  502,  523 


Nerve  or  Nerves,  facial,  in  parotid  gland,  687 
pars  intermedia  of,  522,  524,  686,  687,  689, 
699 

pes  anserinus  of,  687 
radicular  part  of,  523 
roots  of,  502,  522 

superficial  origin  of,  486,  522,  686  - 

temporo-facial  division  of,  687 
to  femoral  artery,  644 
to  femur,  646 
to  fibula,  654 

of  flexor  carpi  ulnaris,  629 

frontal,  679 

furcalis,  639,  647,  674 

to  gemelli  muscles,  649,  652 

genital,  643 

genito-crural,  642,  643 

genito-femoralis,  643 

glosso-pharyngeal,  689,  702,  771 

afferent  fibres  of,  517 
root  of,  700,  702 

communications  of,  689 

deep  origin  of,  517 

development  of,  700 

efferent  fibres  of,  517 
root  of,  700,  701,  702 

in  jugular  foramen,  689 

jugular  ganglion  of,  689 

in  neck,  690 

nucleus  of,  488,  517,  518 

petrous  ganglion  of,  689 

roots  of,  517,  518 

superficial  origin  of,  482,  689 
gluteal  inferior,  649 

of  small  sciatic,  657 
gluteal,  superior,  649 
hsemorrhoidal,  inferior,  659 
of  hamstring  muscles,  648,  649,  652 
of  heart.    See  Nerves,  cardiac 
of  hip-joint,  644,  646,  647,  649,  652 
to  humerus,  627 
hypogastric,  642,  712,  714 
hypoglossal,  696,  700 

ansa  hypoglossi  of,  697 

communications  of,  696 

deep  origin  of,  515 

descending,  697 

development  of,  700 

nucleus  of,  488,  515 

superficial  origin  of,  482,  696 
incisor,  685 
infra -clavicular,  625 
infra-mandibular,  688 
infra -orbital,  682 

of  facial,  688 
infra -trochlear,  680 
iliac,  642 

ilio-hypogastric,  642 
ilio-inguinal,  642 
to  infra-hyoid  muscles,  617,  621 
intercostal,  635 
intercosto-brachialis,  636 
intercosto-humeral,  635,  636,  673 
intermedins,  686 

internal  cutaneous,  of  arm,  625,  631,  632 

of  thigh,  646 
to  interossei  muscles,  631,  651,  655 
interosseous  anterior,  628 

of  peroneal,  651 

posterior,  634 
ischiadicus,  648 
of  Jacobson,  689 


INDEX. 


799 


Nerve  or  Nerves,  of  knee-joint,  645,  646,  647, 

650,  651,  652 
labial,  682 
lachrymal,  679 
to  lachrymal  canals,  741 
laryngeal,  external,  692 

inferior,  692,  693,  702 

internal,  692 

superior,  692,  702 
lateral  cutaneous,  of  thorax,  616,  636,  638 
to  latissimus  dorsi,  635 
to  levator  anguli  scapulae,  617,  620 

ani,  657,  659 

palati,  683 
lingual,  684 

of  ninth,  690,  702 

of  twelfth,  698 

of  vagus,  692,  696 
long  scrotal,  657 
to  longus  colli,  621,  624 
lumbar,  607 

anterior  primary  divisions  of,  639,  647 

posterior  primary  divisions  of,  613 
to  lumbricales  of  foot,  654,  655 

of  hand,  629,  631 
of  lung.    See  Plexus,  pulmonary 
malar,  of  facial,  688 

of  superior  maxillary,  681 
mandibular,  683,  701 
masseteric,  683 
mastoid,  618 
maxillary,  inferior,  683 

superior,  681 
median,  625,  627 
of  membrana  tympani,  75 1 
meningeal,  of  vagus,  692 
meningeus,  681 
mental,  685 

middle  cutaneous,  of  thigh,  646 

of  muscles  of  abdominal  wall,  434,  642 

of  arm,  336 

of  back,  398 

of  buttock,  375 

of  face,  404 

of  foot,  389 

of  forearm,  353 

of  hand,  353 

of  hyoid  bone,  415 

of  iris,  681 

of  leg,  389 

of  lower  limb,  669,  670 

of  mastication,  410 

of  orbit,  407 

of  pectoral  region,  326 

of  pelvis,  441 

of  perineum,  438 

of  pinna,  687 

prevertebral,  422 

of  thigh,  375 

of  thorax,  426 

of  tongue,  415 

between  trunk  and  upper  limb,  326 

of  shoulder,  331 

of  soft  palate,  692 

of  upper  limb,  626,  667,  671 
musculo-cutaneous,  of  arm,  625,  627,  673 

of  leg,  650,  651 
musculo-spiral,  625,  632,  673 
myelinisation  of,  466,  470,  473,  537,  594 
mylo-hyoid,  685 
nasal,  680 

external,  680 


Nerve  or  Nerves,  nasal,  inferior,  683 

of  infra-orbital,  682 

internal,  680 

superior,  683 
naso-ciliaris,  680 
naso-palatine,  683 
to  obliqui  abdominis  muscles,  638 
obturator,  642,  643 

accessory,  647 
to  obturator  externus,  645,  647 

internus,  649,  652 
occipital,  great,  612 

of  posterior  auricular,  687 

small,  617,  618,  622 

third,  612 
to  occipito-frontalis,  687 
oculo-motor,  674,  676,  699,  701 
oesophageal,  695,  710 
olfactory,  675,  703,  722 

bulb  of,  569,  587,  675,  703 

development  of,  587,  698 

origin  of,  675 

tract  of,  569,  587,  675 
ophthalmic,  679,  701 
optic,  475,  675,  703 

origin  of,  552,  675 

development  of,  698,  742 

retinal  portion  of,  676. --See  also  Retina 
orbital,  681,  683 
palatine,  great,  683 

posterior,  683 

small,  683 
palpebral,  682 
patellar,  647 
pathetic,  677 

perforans  coccygeus  major,  657 
perforating  cutaneous,  657 
pericardiac,  695 
perineal,  659 

of  fourth  sacral,  658 

of  small  sciatic,  657 

superficial,  659 
to  perineal  muscles,  659 
peripheral,  607 
peroneal,  647,  648,  650 

communicating,  650 
to  peroneus  brevis,  651 

longus,  651 
petrosal,  great  deep,  687,  707 

small  deep,  689,  707 

superficial,  external,  687 
large,  686 
small,  687,  689 
pharyngeal,  of  Meckel's  ganglion,  683 

of  ninth  nerve,  690 

of  sympathetic,  707 

of  vagus,  692 
phrenic,  617,  621 
of  pinna,  746 
plantar,  external,  654 

internal,  654 
pneumogastric.    See  Nerve  vagus 
popliteal,  external,  647,  648,  650 

internal,  647,  648,  652 
to  prevertebral  muscles,  617,  621 
to  psoas  muscle,  642 
pterygoid,  external,  683 

internal,  683 
pterygo-palatine,  683 
pudendal,  inferior,  657 
pudic,  658 
pulmonary,  691,  709 
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Nerve  or  Nerves,  to  pyramidalis  muscle,  639 
to  pyriformis,  649 
to  qiiadratus  femoris,  649,  652 

liimborum,  642 
radial,  633,  634 
to  radio-carpal  joint,  628 
to  radius,  628 
to  rhomboids,  625 
sacculo-ampullaris,  769 
sacral,  607.    See  also  Plexus,  lumbar,  sacral 

anterior  primary  divisions  of.    See  Plexus, 
sacral,  pudendal 

posterior  primary  divisions  of,  613 

visceral  branches  of,  711,  714 
sacro-coccygeal  anterior,  658 

posterior,  614 
sa23henous,  long,  646 

short,  653 
to  scaleni,  617,  620,  621 
to  scalp-muscles,  404 
scapular  posterior,  625 
sciatic,  great,  647,  648 

small,  656,  665 
segmental,  of  head,  701 
to  semicircular  canals,  689 
to  shoulder-joint,  625,  632 
of  skin,  774 
spheno-palatine,  681 
to  sphincter  ani,  657,  659 

pupillae,  731^ 
spinal,  443,  607 

anterior  primary  divisions  of,  609,  615, 
662 

classification  of,  453,  607 
development  of,  660 
distribution  of,  general,  610,  616 

to  limb-muscles,  665,  671 

to  skin  of  limbs,  665,  671 
formation  of,  662 
ganglia  of,  608 

gray  rami  of,  615,  616,  617,  620,  623,  636, 

637,  638,  639,  647,  655 
morphology  of  primary  divisions  of,  614 
number  of,  608 
origin  of,  453,  455,  461,  608 
spinal,  jDosterior,  primary  divisions  of,  609, 
610,  662 

spinal,  recurrent  branches  of,  609 
relation  of,  to  meninges,  609 
roots  of,  608.    See  also  Nerve-roots 

dorsal,  608,  661,  704 

ventral,  608,  609,  661,  704 
segmental  disposition  of,  610,  614 
size  of,  608 

somatic  portion  of,  615,  662,  709 
splanchnic  portion  of,  615,  662,  704,  709 
visceral  branches  of,  609,  655,  662,  715 
white  rami  of,  609,  615,  616,  637,  638,  640, 
647,  655,  662,  704,  709,  710,  711,  712, 
714,  715 
spinal  accessory,  695,  701 

accessory  part  of,  695,  700,  702 
deep  origin  of,  516 
development  of,  700 
medullary  part  of,  516 
nucleus  of,  516 

spinal  part  of,  516,  695,  700,  702 
superficial  origin  of,  516,  482,  695 
splanchnic,  710 

great,  710 

least,  710 

small,  710 


Nerve  or  Nerves,  of  stapedius  muscle,  687,  758 
sternal  descending,  617,  619,  622 
to  sterno-mastoid,  617,  619 
to  stylo-pharyngeus,  690 
to  subclavius,  624 
suboccij^ital,  611,  614 

ganglion  of,  608 
subscapular,  625,  635 

long,  635 

lower,  635 

short,  635 
supraclavicular,  of  brachial  plexus,  624 

of  cervical  plexus,  618 
supramandibular,  688 
suiDraorbital,  679 
suprascapular,  624,  625,  673 
supratrochlear,  679 
sural,  650,  657 

sympathetic.    See  Sympathetic 
to  short  muscles  of  little  finger,  631 
to  short  muscles  of  thumb,  629,  631 
of  taste,  771 

temporal,  of  auriculo-temporal,  684 
deep,  683 
of  facial,  687 

of  superior  maxillary,  681 
to  tensor  palati,  686 
tympani,  686,  757 
vaginte  femoris,  649 
tentorii,  679 
to  teres  minor,  632 
thoracic,  607,  613,  635 

anterior  primary  divisions  of,  635 
communications  of>  636,  638 
cutaneous  branches  of,  613,  635,  636,  638, 
639 

external  anterior,  625,  626 
first,  635 

internal  anterior,  625,  626 
long,  624,  625 

muscular  branches  of,  635,  636,  638,  639 
posterior  primary  divisions  of,  613 
second,  636 
twelfth,  638 
to  tibia,  653 

tibial,  647,  648,  650,  652 

anterior,  650,  651 

communicating,  653 

posterior,  652 

recurrent,  650 
to  tibio-fibular  joint,  651,  653 
of  tongue,  698 
of  tonsil,  690 

to  transversalis  abdominis,  638 
to  trapezius,  617,  620 
to  triangularis  sterni,  638 
trifacial.    See  Nerve,  trigeminal 
trigeminal,  678,  686,  701 

ascending  root  of,  525 

deep  origin  of,  503,  524,  525 

development  of,  699 

divisions  of,  679 

Gasserian  ganglion  of,  679 

mesencephalic   root    of,    504,   524,  526, 
540 

motor  root  of,  504,  678,  699,  701 
nuclei  of,  503,  524,  527,  528,  540 
sensory  root  of,  504,  524,  678,  699,  701 
spinal  root  of,  502,  504,  525,  528 
superficial  origin  of,  486,  524,  678 
trochlear,  677,  701 

communications  of,  678 
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Nerve  or  Nerves,  trochlear,  deep  origin  of,  541 
development  of,  699 
nuclens  of,  541 

superficial  origin  of,  487,  541,  677 
tympanic,  689,  702,  758 
to  ulna,  628 
ulnar,  625,  629 

collateral,  633 

communicating,  629 
to  utricle,  689 
vagus,  690,  702 

abdominal  brandies  of,  693 

afferent  fibres  of,  517 
root  of,  700,  702 

branches  of,  691 

cardio -inhibitory  fibres  of,  696 

communications  of,  692,  693 

deep  origin  of,  517 

development  of,  700 

efterent  fibres  of,  517 
root  of,  700,  701,  702 

ganglion  of  root  of,  690,  692 
of  trunk  of,  690,  692 

in  jugular  foramen,  690 

left,  691 

in  neck,  690,  692 
nucleus  of,  488,  517,  518 
right,  691 

roots  of,  517,  700,  701 

superficial  origin  of,  482,  690 

in  thorax,  691 

viscero-motor  fibres  of,  696 
vestibular,  689,  768 

connexion  with  cerebellum,  521 

deep  origin  of,  519 

descending  root  of,  520,  522 

nucleus  of,  488,  519,  521 
Vidian,  682,  687,  707 
zygomatico-facialis,  681 
zygomatico-temporalis,  681 
Nerve,  zygomaticus,  681 
Nerve-cells,  445 

axons  of,  445.    See  also  Axon 
bipolar,  448 

cellulipetal  processes  of,  449 

of  cerebellum,  512 

of  cerebral  cortex,  585 

dendrites  of,  447 

development  of,  447,  471 

ganglionic,  448 

of  Golgi,  464,  586 

processes  of,  445 

of  Purkinje,  512,  514 

radicular,  464 

of  spinal  cord,  445,  461 

ganglia,  608 

unipolar,  448 
of  sympathetic  ganglia,  704 
Nerve -fibres,  444 

afferent,  445,  448,  451 
collateral,  445,  448 
efferent,  445,  451 

myelinisation  of,  466,  470,  473,  537,  594 

non-medullated,  444 

primitive  sheath  of,  444 

splanchnic,  afferent,  705,  706,  709,  710 

efferent,  704,  706,  709,  710 

peripheral,  705 
sympathetic,  704 

cervical,  706 

destinations  of,  704 

medullated,  704 


Nerve  -  fibres,  sympathetic,  non  -  medullated, 
705 

splanchnic,  704,  705,  706 
terminations  of,  444,  448 
Wallerian  degeneration  of,  466 
Nerve-roots,  443 
cranial,  443 

spinal,  454,  608,  609,  660 

anterior,  443,  455,  461,  473,  609,  661,  704 
posterior,  443,  455,  466,  467,  473,  609,  661, 
704 

Nervous  system,  443 

cerebro  -  spinal,  443.     See  also  Cerebro- 
spinal 

sympathetic,  443.    See  also  Sympathetic 
Neural  tube,  471 

alar  lamina  of,  472,  480,  526,  527,  542,  551, 
594,  698 

basal  lamina  of,  472,  480,  526,  542,  551, 

594,  698 
cellular  buds  of,  661 
central  canal  of,  471,  472 
development  of  cranial  nerves  from,  698 

of  spinal  nerves  from,  661 
ependymal  layer  of,  472 
flexures  of,  479 

limiting  membrane  of,  external,  471 

internal,  471 
mantle-layer  of,  472 
mid-dorsal  lamina  of,  471,  526 
mid-ventral  lamina  of,  471,  526 
myelospongium  of,  472 
neuroblasts  of,  472,  527,  528 
peripheral  reticular  layer  of,  472 
Neuroblasts,  447,  472,  527,  528,  661,  742 
Neuro-fibrillae,  449,  468 
Neuroglia,  443,  451,  461,  465 
Neurolemma,  444 
Neuron,  448,  449 
Nictitating  membrane,  738 
Nodule  of  cerebellum,  507,  508,  530 
Nose,  717 
ala  of,  717 
alar  sulcus  of,  717 
bridge  of,  717 
cartilages  of,  717 

fossae  of,  719.    See  also  Nasal  foss£e 
limen  of,  719 
lymphatics  of,  717,  723 
meatuses  of,  720.    See  also  Meatus 
mucous  membrane  of,  722 
muscles  of,  403,  404 
nasal  index  of,  717 
nerves  of,  717,  723 
olfactory  part  of,  720,  722 
outer,  717 

respiratory  part  of,  720,  722 

septum  of,  717,  720 

ventricle  of,  719 

vestibule  of,  719 

vessels  of,  717,  723 
Nostril,  717 
Notch  of  Rivini,  750 
Nuclear  layer  of  retina,  732,  733 
Nucleus  or  Nuclei,  of  abducent  nerve,  502,  524, 
537,  538 

ambiguus,  517,  518 

amygdaloid,  576,  579,  582 

arcuate,  490,  498,  528 

arcuatus  of  thalamus,  545 

of  auditory  nerve,  519.    See  also  Nucleus, 
cochlear,  vestibular 
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Nucleus  or  Nuclei  of  Bechterew,  520 
caudate,  574,  579 
central,  of  Luys,  545,  546 
cochlear,  519,  520,  521,  534,  538 
of  corpus  mammillare,  548,  572 
cuiieate,  485,  490,  492,  493,  494,  496,  528 
of  Deiters,  520,  521 
dentatus,  510,  511 
emboliformis,  510 
facial,  502,  523 
of  fasciculus  solitarius,  518 
fastigii,  510 
globosus,  510 

glosso-pliaryngeal,  488,  517,  519 

gracile,  485,  490,  492,  493,  494,  496 

hypoglossal,  488,  515 

intercalatus,  488 

laryngeal,  517 

lateralis  of  medulla,  498 

of  lateral  fillet,  505,  521 

of  lens,  737 

lenticular,  579,  580,  582 

of  medulla  oblongata,  488,  490,  527 

motor,  515 

oculo-motor,  537,  541 

olivary  accessory,  495,  498,  528 
inferior,  484,  490,  494,  497,  528 
superior,  502,  505,  520,  521,  524,  538 

of  oj)tic  nerve,  552 

of  origin  of  nerves,  515,  527 

of  pons,  499,  500,  502,  504 

pontis,  499,  501,  528 

pyramidal,  490 

red,  535,  536,  546 

roof,  510,  511,  521 

salivary,  524 

spinal  accessory,  516,  517 

of  termination  of  nerves,  514,  527 

traj)ezoideus,  520 

trigeminal,  504,  524,  525,  528,  540 
trochlear,  537,  541 
thalamic,  544 
vagus,  488,  517,  518 
vestibular,  488,  519,  521 
Nuel,  space  of,  767 

Obex,  512 

Obliquus  externus  abdominis  muscle,  427 
inferior  muscle  of  neck,  397,  399 

of  orbit,  406 
internus  abdominis  muscle,  430 
superior  muscle  of  neck,  397,  399 
of  orbit,  406,  407 
Obturator  externus  muscle,  367,  375,  376,  399 
fascia,  438 

internus  muscle,  371,  375,  376,  399 

nerve,  642,  643,  647 

plexus,  644,  646 
Occipital  lobe,  564 

Nerves.    See  Nerve 

Sulcus.    See  Sulcus 
Occipito-atloid  joint,  movements  at,  398 
Occipito-frontal  strand,  590 
Occipito-frontalis  muscle,  401,  404 
Occipito-temporal  gyri,  566,  567 

sulcus,  566,  567 
Occulo-motor  nerve,  676,  699,  701 

sulcus,  533 
(Esophageal  opening  of  diaphragm,  425 

plexus,  691,  695 
Olfactory  area,  593 

bulb,  569,  587,  675,  698,  703 


Olfactory  bundle,  572 
cells,  698,  722,  723 
ganglion,  698,  703 
hairs,  723 

lobe,  479,  569,  588,  596 
nerve.    See  Nerve 
sulcus,  562 

tract,  569,  587,  675,  698 

tubercle,  570 
Olivary  eminence,  484,  494 

nucleus.    See  Nucleus 
Omo-hyoid  muscle,  411,  415,  416 
Opercula  insuke,  556,  561 
Oj)hthalmic  nerve,  679,  701 
Opponens   minimi   digiti   muscle,  347,  353, 
355 

poUicis  muscle,  345,  353,  355 
Optic  axis,  724 

chiasma,  475,  551,  595,  676,  699,  703 
commissure,  475,  551,  595,  676,  699,  703 
cup,  698,  703,  731 
disc,  731 

nerve,  551,  595,  674,  675,  698,  703,  731,  741, 
742 

radiation,  553,  583,  591 

stalk,  478,  698,  703,  741,  742 

thalamus.    See  Thalamus 

tract.    See  Tract 

vesicle,  478,  480,  741 
Ora  serrata,  731,  735 
Orbicularis  oris  muscle,  403,  405 

palpebrarum  muscle,  402,  404 
Orbiculus  ciliaris,  729 
Orbit,  fascia  of,  405 

muscles  of,  405,  407,  442 
Orbital  gyri,  562 

nerves,  681,  683 

septum,  739 

sulcus,  562 
Organ  of  Corti,  765,  766.    See  also  Corti 

epibranchial,  701,  702 

of  Jacobson,  720 

of  lateral  line,  701 
Origin  of  muscles,  317 
Os  orbiculare,  756 
Ossicula  auditus,  754 
articulations  of,  756 
development  of,  757 
ligaments  of,  757 
movements  of,  758 
Ostium  pharyngeum  of  Eustachian  tube,  753, 
754 

tympanicum  of  Eustachian  tube,  753 
Otic  ganglion,  685,  699,  707 

vesicle,  769 
Otoconia,  763 
Ovarian  plexus,  714 

Pacchionian  bodies,  602 
Pacinian  corpuscles,  775 
Pad,  suctorial,  399,  404 
Palate,  muscles  of,  418,  442 

taste-buds  of,  770 
Palatine  nerves,  683 
Palato-glossus  muscle,  415,  416,  419 
Palato-pharyngeus  muscle,  417,  418,  419 
Palmar  fascia,  338 
Palmaris  brevis  muscle,  336 

longus  muscle,  340,  353,  354 
Palpebral  fissure,  738 

ligaments,  739 

nerves,  682 
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Panniculus  adiposus,  317 

carnosiis,  317,  401 
Papilla  lacrimalis,  738,  740 

pili,  777 
Papillae  of  nail,  775 

of  skin,  773 

of  tongue.    See  Tongue 
Paracentral  lobule,  562 
Paraflocculus,  509 
Parallel  sulcus,  567 
Paramedial  sulcus,  561 
Parasinoidal  sinuses,  603 
Parietal  gyri.    See  Gyri 

lobe,  562 
Parieto-occipital  fissure,  558 
Pars  ciliaris  retina3,  729,  731,  735,  742 

intermedia  of  Wrisberg,  686,  687,  689,  699 

iridica  retinae,  730,  731,  735,  742 

mammillaris  liyj^othalami,  542,  595 

o]3tica  liypothalami,  542,  595 
retinae,  731 
Patella,  ligaments  of,  357,  362,  377 
Patellar  plexus,  647 
Pathetic  nerve,  677 
Pectineus  muscle,  364,  375,  376 
Pectoral  region,  fasciae  of,  321 

muscles  of,  322 
Pectoralis  major  muscle,  322,  326,  331,  426 

minor  muscle,  324,  326,  426 

minimus,  324 
Peduncles  of  cerebellum.    See  Cerebellum 

of  cerebrum,  532 

of  mammillary  bodies,  548 

olivary,  495 

of  pineal  body,  547,  594 
Pelvic  fasciae,  438 
parietal,  438 
visceral,  438 

plexus,  712,  714 
Pelvis,  fasciae  of,  438 

mechanism  and  movements  of,  376,  399 

muscles  of,  440 
Perforated  space.    See  Locus  perforatus 
Pericardiac  nerve,  695 
Perilymph,  762 
Perilymphatic  space,  762,  770 
Perimysium  externum,  316 

internum,  316 
Perineal  nerves.    See  Nerves 
Perineum,  fasciae  of,  434 

muscles  of,  435 
Peroneal  nerve.    See  Nerve 
Peroneo-calcaneus  muscle,  381,  385 
Peroneo-cuboideus  muscle,  381 
Peroneus  accessorius  muscle,  381 

brevis  muscle,  381,  389 

longus  muscle,  381,  389 

quinti  digiti  muscle,  381 

tertius  muscle,  380,  389 
Pes  anserinus,  687 

hippocampi,  577 
Petit,  canal  of,  736 

triangle  of,  319,  430 
Petrosal  nerve.    See  Nerve 
Petro-tympanic  fissure,  750 
Petrous  ganglion,  689,  700,  701 
Phalangeal  process  of  lamina  reticularis,  767 
Phalanges  of  rods  of  Corti,  767 
Pharyngeal  plexus,  690,  692,  707,  712 
Pharynx,  muscles  of,  416,  417,  442 
Phrenic  nerve,  617,  621,  622 
Pia  mater,  603 


Pia  mater,  choroid  plexuses  of,  575,  604,  605 
encephali,  603 

ligamentum  denticulatum  of,  605 
linea  sjDlendens  of,  605 
spinalis,  453,  605 
tela  choroidea  of,  604 
velum  interpositum  of,  604 
Pigmentary  layer  of  optic  vesicle,  742 
Pillars  of  Corti,  766 

of  external  abdominal  ring,  430 
of  fornix,  548,  550,  566,  572 
Pineal  body,  531,  547,  594,  595 

eye,  547 
Pinna,  743 

Pisi-metacarpal  ligament,  340 
Pisi -unciform  ligament,  340 
Pit,  auditory,  769 

nasal,  703 
Pituitary  body,  549 
Plantar  fascia,  378 

nerves,  654 
Plantaris  muscle,  382,  389 
Platyrhine  skulls,  717 
Platysma  myoides,  401,  404,  442 
Plexus  or  Plexuses,  annularis,  727 
aortic,  710,  711,  714 
brachial,  610,  616,  617,  622,  663 

communications  of,  623 

composition  of,  623 

infraclavicular  branches  of,  625 

inner  cord  of,  623,  625 

nerves  of  distribution,  624 

outer  cord  of,  623,  625 

position  of,  622 

posterior  cord  of,  623,  625 

primary  cords  of,  623 

secondary  cords  of,  624 

supraclavicular  branches  of,  624 

variations  in,  673 
coeliac,  712,  713 

cardiac,  deep,  693,  694,  708,  712 

superficial,  693,  707,  712 
carotid,  707,  712 

external,  707,  712 
cavernosus  concharum,  722 
cavernous,  of  cervical  sympathetic,  707,  712 

of  clitoris,  715 

of  penis,  714 
cervical,  610,  616,  617 

ascending  branches  of,  617 

communications  of,  617,  620 

cutaneous  branches  of,  617 

descending  branches  of,  617 

external  branches  of,  617,  619 

internal  branches  of,  617,  619 

morjDhology  of,  622 

muscular  branches  of,  617,  619,  621 

posterior,  610,  612,  614 
choroid,  512,  529,  575,  578,  596,  604,  605 
coccygeal,  658 
coronary,  693,  694,  713 
diaphragmatic,  622,  713 
fundamental,  of  cornea,  727 
gulae,  695 
haemorrhoidal,  714 
hepatic,  713 
hypogastric,  712,  714 
infraorbital,  682,  688 
of  limbs,  composition  of,  663 

development  of,  662 

distribution  of  nerves  of,  663,  672 

morphology  of,  662 
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Plexus  or  Plexuses  of  limbs,  significance  of,  674 

trunks  of,  663 

variations  in,  673 
lumbar,  639,  641 
lumbo-sacral,  610,  639 

commimication  with  sympathetic,  639 

constitution  of,  639 

subdivisions  of,  639 

variations  in,  673 
mesenteric,  inferior,  714 

superior,  713 
obturator,  644,  646 
oesophageal,  691,  695 
ovarian,  714 
patellar,  647 
pelvic,  712,  714 
pharyngeal,  690,  707,  712 
prostatic,  714 
pudendal,  639,  655 

branches  of,  655 

morphology  of,  660 

position  and  constitution  of,  655 
pulmonary,  653 

anterior,  693,  694 

posterior,  691,  694,  710 
renal,  710,  713 
sacral,  639,  647 

anterior  branches  of,  648 

articular  branches,  648,  649,  650 

communications  with  symj^athetic,  647 

muscular  branches  of,  648 

position  and  constitution  of,  647 

terminal  branches,  650 
sciatic,  639,  647 
solar,  710,  712 
spermatic,  714 
splenic,  713 
subclavian,  708,  712 
subepithelial  of  cornea,  727 
subsartorial,  644 
suprarenal,  713 
sympathetic,  712 
thyroid,  708,  712 
tonsillar,  689,  690 
tympanic,  689,  707 
uterine,  714 
vaginal,  714 
vertebral,  712,  718 
vesical,  714 
Plica  lacrimalis  of  Hasner,  741 

semilunaris,  738 
Pneumogastric  nerve.    See  Nerve,  vagus 
Point,  Sylvian,  555 
Poles  of  cerebrum,  554 
of  eyeball,  724 
of  lens,  737 
Polymorphic  cells,  585,  586 
Pons  Varolii,  486 

acustic  area  of,  488 

central  tegmental  tract  of,  502 

corpus  trapezoides,  501,  520 

cortico-pontine  fibres  of,  501,  540,  583,  591 

development  of,  477,  480,  528 

eminentia  teres  of,  488 

fillet-fibres  of,  502,  504 

fovea  superior  of,  488 

gray  matter  of,  500 

internal  structure  of,  499 

locus  cseruleus  of,  488 

mesencephalic  root  of  fifth  nerve  in,  504 

nuclei  of,  499,  502,  504,  505,  539 

origin  of  nerves  from,  486,  514 


Pons  Varolii,  position  and  connexions  of,  475, 
486 

posterior  longitudinal  bundle  in,  502,  504 
pyramidal  tract  in,  499 
raphe  of,  502 

reticular  formation  of,  499,  502 

restiform  body  in,  502 

spinal  root  of  fifth  nerve  in,  502 

substantia  ferruginea  of,  488,  504 

sulcus  basilaris  of,  486 

tegmental  part  of,  499,  501 

transverse  fibres  of,  499,  500 

ventral  portion  of,  499 
Ponticulus,  745 
Pontine  flexure  of  brain,  479 
Popliteal  fascia,  358 

nerves.    See  Nerve 
Popliteus  fascia,  384 
muscle,  383,  389 

minor,  384 
Pore,  gustatory,  771 
Porus  opticus,  731 
sudoriforus,  778 
Post-central  gyri,  563 
Pouch  of  Prussak,  758 
Poupart,  ligament  of,  429 
Prae-central  sulcus,  560,  561,  564 
Prse-cuneus,  563 
Prce-occipital  notch,  562 
Pre-vertebral  fascia,  401 

muscles,  419 
Prickle -cells,  773 

Primitive  cerebral  vesicles,  476,  481 
Process  or  processes,  axial  of  neuroblast.  See 
Axon 
ciliary,  729 

cochleariform,  750,  752 

j)halangeal,  of  lamina  reticularis,  767 

of  rods  of  Corti,  767 
reticularis,  457 

tubarius  of  pterygoid  process,  754 
Projection  fibres  of  cerebrum,  588,  591 
Prominentia  canalis  facialis,  752 

spiralis,  765 

styloidea,  750 
Promontory  of  tympanic  cavity,  752 
Pronation,  movement  of,  354 
Pronator  quadratus  muscle,  344,  353,  354 

radii  teres  muscle,  339,  353,  354 
Prosencephalon,  476,  478,  481 
Prostatic  plexus,  714 

Protoplasmic  process  of  Deiters.   See  Dendrite 

Prussak,  pouch  of,  758 

Psalterium,  572,  589 

Psoas  magnus,  362,  375,  398,  399 

parvus,  363,  375,  398,  399 
Pterygoid  muscle,  external,  408,  410 
internal,  410 

nerves,  683 
Ptery go-palatine  nerve,  683 
Pterygo-spinous  ligament,  401 
Pubic  portion  of  fascia  lata,  356 
Pubo-cavernosus  muscle,  437 
Pubo-coccygeus  muscle,  441 
Pubo-prostatic  ligaments,  439 
Pubo-rectalis  muscle,  441 
Pudendal  nerves,  639,  655 

nerve,  inferior,  657 
Pudic  nerve,  658 
Pulmonary  nerves,  709 

IDlexus,  691,  693,  694 
Pulvinar,  531,  544,  552 
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Puncta  lacrimalia,  740 
Pupil,  730 

dilator  of,  731 

sphincter  of,  731 
Pupillary  border,  730 

membrane,  730,  742 
Purkinje,  cells  of,  512,  514 
Purple,  visual,  732 
Putamen,  580 

Pyramid  of  cerebellum,  507,  508 

of  medulla  oblongata,  483,  528 
decussation  of,  482,  483,  490 
tract  of.    See  Tract 

of  tymiDanic  cavity,  749 

of  vestibule,  759 
Pyramidal  cells,  585 

nucleus,  490 

tract.    See  Tract 
Pyramidalis  abdominis  muscle,  431 

nasi  muscle,  403,  404 
Pyriformis  fascia,  438 

muscle,  371,  375,  376,  399 

Quadrangular  lobule,  507 

Quadrate  lobule,  563 

Quadratus  femoris  muscle,  372,  375,  376 

lumborum  muscle,  434 
Quadriceps  extensor  femoris  muscle,  359,  375, 
376 

Quadrigeminal   bodies.     See  '  Corpora  quad- 
rigemina 

Kadial  nerve,  634 

Kadiation,  auditory,  583,  591,  593 

of  corpus  callosum,  571,  588 

optic,  553,  583,  591 

thalamic,  543,  545 
Eadicular  cells,  464 
Eadii  lentis,  737 
Eadix  nasi,  717 

Eami  communicantes,  gray,  615,  616,  617,  620, 
623,  636,  637,  638,  639,  647,  655 
cervical,  706,  708 
development  of,  715 
functions  of,  705 
lumbar,  711 
origin  of,  705 
sacral,  712 
thoracic,  710 
white,  609,  615,  616,  637,  638,  640,  647,  655, 
662,  704,  709,  710,  711,  712,  714,  715 
cervical,  706 
development  of,  715 
lumbar,  711 
origin  of,  704 
sacral,  704 
thoracic,  709,  710 
thoracico-lumbar,  704 
Eaphe  of  medulla,  489,  528 

of  pons  Varolii,  502 
Eecess  of  fourth  ventricle,  487,  512,  601 
Eecesses  of  Troltsch,  758 
Eecessus  cochlearis,  759 
ellipticus,  759 
epitympanicus,  748 
labyrinthi,  769 
naso-palatinus,  720 
opticus,  551,  595 
pinealis,  551,  594 
sphaericus,  759 
spheno-ethmoidalis,  720 
supra -pinealis,  551 


Eecessus  utriculi,  762 
Eecto-vesical  fascia,  439 
Eectus  abdominis  muscle,  432 

capitis  anticus  major  muscle,  420 
minor  muscle,  421 
lateralis  muscle,  398,  399,  422 
posticus  major  muscle,  397 
minor  muscle,  397 

femoris  muscle,  359,  375,  399 

muscle  of  orbit,  external,  405,  407 
inferior,  405,  407 
internal,  405,  407 
superior,  405,  407 
Eed  nucleus,  535,  536,  546 
Eeil,  island  of,  556,  567 
Eeissner,  membrane  of,  765 
Eenal  plexus,  710,  713 
Eespiration,  movement  of,  426 

muscles  of,  422,  426 
Eestiform  body,  485,  489,  502,  510,  528 
Eeticular  formation,  457,  460,  490,  498,  499, 
502,  528 

process,  457 
Eetina,  725,  731 

bacillary  layer  of,  732,  734 

bipolar  cells  of,  732,  733 

blind  spot  of,  732 

blood-vessels  of,  735 

cone -granules  of,  733 

cones  of,  734,  743 

development  of,  699,  742 

fovea  centralis  of,  731,  734 

ganglionic  layer  of,  732 

granule  layer  of,  732,  733 

horizontal  cells  of,  732 

macula  lutea  of,  731,  734 

membranse  limitantes  of,  734 

molecular  layer  of,  732,  733 

morphology  of,  703 

nervous  lamina  of,  731 

nuclear  layer  of,  732,  733 

optic  cup  of,  731 
disc  of,  731 

ora  serrata  of,  731,  735 

pars  ciliaris  of,  729,  731,  735,  742 
iridicEe  of,  730,  731,  735,  742 
optica  of,  731 

physiological,  731 

relation  of  optic  fibres  to,  552 

rod-granules  of,  733 

rods  of,  734,  743 

spongioblasts  of,  732,  742 

stratum  opticum  of,  732 
pigmenti  of,  731,  732,  734 

structure  of,  732 

sustentacular  fibres  of,  732,  734 

visual  purple  of,  732,  734 
Eetinacula  cutis,  772 
Eetinal  layer  of  optic  vesicle,  742 
Eetrahens  aurem  muscle,  402,  404 
Eetzius,  cavum  of,  439 
Ehinencephalon,  568,  584,  698 
Ehodopsin,  732,  734 
Ehombencephalon,  476,  481,  526 
Ehombic  lip,  527 

Ehomboideus  major  muscle,  321,  326 

minor  muscle,  320,  326 
Eidge,  Wolffian,  662 
Eima  palpebrarum,  738 
Eing,  abdominal,  external,  430,  433 
internal,  432 

crural,  359,  430 
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Ring,  tympanic,  748 
Riolan,  muscle  of,  739 
Risorius  muscle,  404,  405 
Rivinus,  notch  of,  750 
Rods  of  Corti,  766 

head-plate  of,  766 
phalangeal  processes,  767 

retinal,  734,  743 
Rod-bipolars  of  retina,  732 
Rod-granules  of  retina,  733 
Rolandic  angle,  558 
Rolando,  fissure  of.    See  Fissure 

funiculus  of,  485,  491 

substantia  gelatinosa  of,  456, 461,  468, 485,  502 

tubercle  of,  485,  491 
Roof-nucleus,  510,  511,  521 
Roots  of  nerves.    See  Nerve-roots 
Rosenmiiller,  fossse  of,  754 
Rosenthal,  canalis  spiralis  of,  761 
Rostrum  of  corpus  callosum,  571 
Rotator  humeri  muscle,  332 
Rotatores  dorsi  muscles,  397,  398 
Rubro-spinal  tract,  537 
Ruffini,  endings  of,  775 
Running,  movements  of,  390 
Ruysch,  membrane  of,  728 

Sac,  lachrymal,  740,  741,  743 
Saccule,  759,  762,  763 

development  of,  769 

ductus  endolymphaticus  of,  763,  769 

ductus  reuniens  of,  763,  770 

ductus  utriculosaccularis  of,  763 

macula  acustica  of,  763 

sinus  utricularis  of,  763 
Saccus  endolymphaticus,  763 
Sacral  arteries.    See  Artery 

ganglia,  711 

nerves.    See  Nerves 

plexus.    See  Plexus 

sympathetic,  711 
Sacro-coccygeal  nerves,  614,  658 
Salivary  nucleus,  524 
Salpingo-palatine  fold,  754 
Salpingo-pharyngeal  fascia,  754 
fold,  754 
muscle,  417 
Santorini,  fissures  of,  745,  748 
SajDhenous  nerve.    See  Nerve 

opening,  356 
Sarcolemma,  316 
Sartorius  muscle,  359,  375,  399 
Scala  tympani,  761 

vestibuli,  761 
Scalenus  anticus  muscle,  419,  426 

medius  muscle,  420,  426 

posticus  muscle,  420,  426 
Scalp,  muscles  of,  401,  404 
Scansorius  muscle,  371 
Scapha  of  pinna,  744 
Scapula,  movements  of,  326 
Scarpa,  ganglion  of,  768 

triangle  of,  358,  359 
Schlemm,  canal  of,  725 
Schneiderian  membrane,  722 
Schultze,  comma  tract  of,  466 
Sciatic  nerve.    See  Nerve 

plexus,  639,  647 
Sclera,  725 

canal  of  Schlemm  of,  725 

development  of,  743 

foramina  of,  725 


Sclera,  lamina  cribrosa  of,  725 

fusca  of,  725 
sinus  venosus  of,  725 
spatium  perichorioideale  of,  725,  728 
suprascleral  space  of,  725 
Sclero-cornea,  725 
Sclerotic  coat.    See  Sclera 
Scrotum,  septum  of,  434 
Sebaceous  glands,  777,  778 
Sebum  cutaneum,  777 
Secondary  tympanic  membrane,  752 
Semicanalis  m.  tensoris,  tympani,  750 

tubse  auditivse,  750 
Semicircular  canals,  759,  760,  764 

ampull£e  of,  760,  764 

crista  acustica  of,  764 

crus  commune  of,  760 

cupola  terminalis  of,  764 

development  of,  769 

external,  760 

membranous,  759,  764 

osseous,  759,  760 

posterior,  760 

superior,  760 
Semilunar  fascia,  333 

ganglion,  710,  712 
Semimembranous  muscle,  374,  375,  376 
Semispinalis  muscle,  395 
colli,  395,  398 
dorsi,  395,  398 
Semitendinosus  muscle,  373,  375,  376 
Sense  organs,  717 
SejDto-marginal  tract,  468 
Septum  or  Septa,  canalis  musculo-tubarii,  750, 

752 
crural,  359 

intermuscular,  of  arm,  332 

of  leg,  377 

of  thigh,  357 
lucidum,  573,  597 
of  nose,  718,  720 

cartilage  of,  717 
orbitale,  739 

posticum,  of  arachnoid,  602,  606 
of  scrotum,  434 

transversum,  of  semicircular  canals,  764 
Serratus  magnus  muscle,  325,  326,  426 

posticus  inferior  muscle,  392,  398,  426 
superior  muscle,  392,  398,  426 
Sesamoid  bones,  345,  362 

cartilages  of  nose,  717 
Sheath,  carotid,  400 

crural,  359 

digital,  of  fingers,  338 

of  toes,  378 
femoral,  358,  427 
medullary,  444,  465 
primitive,  444 

of  rectus  muscle,  428,  430,  432 

synovial  at  wrist,  337,  338 
Shoulder,  fasciae  of,  327 

girdle,  movements  of,  326,  416 

joint  movements  at,  331,  336 
nerves  of,  625,  632 

muscles  of,  327 
Shrapnell,  membrane  of,  750 
Sinus  of  Arlt,  741 

inferior,  of  utricle,  762 

lateral,  599 

longitudinal,  great,  599 

inferior,  599 
of  Maier,  740 
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Sinus,  petrosal,  superior,  599 

straight,  599 

superior,  of  utricle,  762 

tympani,  752 

utricularis,  763 
Skeletal  muscles,  316 
Skin,  772 

appendages  of,  775 

corium  of,  773 

development  of,  778 

epidermis  of,  773,  778 

papillae  of,  773 

pigment  of,  774 

retinacula  of,  772 

tactile  corpuscles  of,  774,  775 
discs  of,  774 
Smegma  embryonum,  779 
Solar  plexus,  712 
Soleus  muscle,  382,  389 
Somsestlietic  area,  593 
Space,  epidural,  598,  600 

interpeduncular,  475,  478 

of  Nuel,  767 

subarachnoid,  597,  601 

cisternse  of,  602,  See  also  Cisterna 
communication  with  ventricles,  601 
fluid  of,  601,  603 

ligamenta  denticulata  of,  602,  605 
septum  posticum  of,  602,  606 
spinal,  602 

trabecular  tissue  of,  601 
subdural,  597,  600 
Spaces  of  Fontana,  727 
Spatia  anguli  iridis,  727 
Spatium  perichorioidale,  725,  728 
Spermatic  fascia,  430 

plexus,  714 
Spheno-palatine  ganglion,  682,  699 

nerves,  681 
Sphincter  ani  externus,  435,  438,  441 
pui3ill3e,  731 
vaginae,  436 
Spina  helicis,  745 
tympanica,  748 
Spinal  accessory  nerves.    See  Nerves 
cord,  443,  452 

anterior  root-zone  of,  609 

basis  bundle  of,  anterior,  470,  473 

lateral,  468,  470,  473 
Cauda  equina  of,  454,  609 
cell-columns,  461 

intermedio-lateral,  461,  463 
posterior,  461,  463 
ventral,  461 
central  canal  of,  456,  459,  460,  473,  484 
cervical  enlargement  of,  454,  457 
Clarke's  vesicular  column  of,  464,  468, 
469 

columns  of,  antero-lateral,  455 
anterior,  455,  459,  470,  473,  483 
of  Burdach  of,  455,  466,  473,  484,  491 
of  GoU  of,  455,  466,  473,  484,  491 
lateral,  455,  459,  468,  473,  484 
of  nerve -cells  of,  461,  462 
posterior,  455,  459,  466,  468,  473,  484 
white,  455,  459 
commissure  of,  anterior  white,  456,  470, 
473 
gray,  456 
anterior,  456 
posterior,  456,  457,  471 
conus  meduUaris  of,  452,  458,  459 


Spinal  cord,  cornua  of,  456 

anterior,  456,  457,  460,  461,  469,  490, 
515 

lateral,  456,  457,  460,  461 

posterior,  456,  457,  460,  461,  468,  491, 
492,  499 
development  of,  471 
dorsal  nucleus  of,  464 
enlargements  of,  454,  457 
fasciculus  solitarius  in,  518 
filum  terminale  of,  452,  459 
fissures  of,  454 

antero-median,  455,  460,  473 

j)Ostero-median,  455,  460,  473 
formatio  reticularis  of,  457,  460 
funiculus  cuneatus  of,  455,  466,  473 

gracilis  of,  455,  466,  473 
gray  matter  of,  456,  457,  460,  461 
internal  structure  of,  456 
intersegmental  association  fibres  of,  468, 470 
length  of,  452 

ligamenta  denticulata  of,  453,  602 
longitudinal  commissural  fibres  of,  468,  470 
lumbar  enlargement  of,  454,  457 
marginal  tract  of  Lowenthal  of,  521 
membranes  of,  453,  597,  599,  601,  605 
nerve-cells  of,  445,  461 
nerve -fibres  of,  444,  465,  466,  468 
neuroglia  of,  461,  465 

origin  of  nerves  from,  443,  453,  455,  515, 
516,  608 

posterior  paramedian  sulcus  of,  455,  460 

postero-lateral  sulcus  of,  455 

regional  differences  in,  457,  460 

regions  of,  454 

relation  to  vertebrae,  452 

segments  of,  454 

septa  of,  453,  455,  459,  460,  465,  473 
substantia  gelatinosa  of,  456,  457,  461,  468, 

525 
sulci  of,  454 
theca  of,  453 
tracts  of,  465 

of  Burdach,  466,  473.    See  also  supra, 

Column  of  Burdach 
comma,  466 

descending  septo-marginal,  468 
direct  cerebellar,  464,  468,  473 
of  GoU,  466, 473.    See  also  supra,  Column 

of  Goll 
of  Gowers,  468,  473 
of  Lissauer,  468 

pyramidal  crossed,  468,  469,  473 
direct,  470,  473 
trigeminal  root-fibres  in,  526 
white  matter  of,  459,  460,  465 

ganglia,  443,  608,  661 

nerves.    See  Nerves 
Spinalis  dorsi  muscle,  395 
Spino-thalamic  tract,  468,  494 
Spiral  fasciculi  of  cochlear  nerve,  768 

ganglion,  768 
Splanchnic  ganglion,  710 

nerve,  710 
Splenium  of  corpus  callosum,  571 
Splenius  capitis  muscle,  392,  398 

colli  muscle,  392,  398 
Spongioblasts,  471,  661,  732,  742 
Spur  of  malleus,  755 
Stalk,  optic,  478,  698,  703,  741,  742 

of  thalamic  radiation,  545 
Stapedial  artery,  757 
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Stapedius  muscle,  757 
StajDes,  756 

annular  ligament  of,  752 

d.evelo]3ment  of,  757 

ligaments  of,  757 

movements  of,  758 
Sternal  nerve,  617,  619,  622 
Sternalis  muscle,  324 

Sterno-clavicular  joint,  movements  at,  326  • 
Sterno-clavicularis  muscle,  325 
Sterno-cleido-mastoid  muscle,  410,  416 
Sterno-hyoid  muscle,  411,  415,  416 
Sterno-mastoid  muscle,  411,  416,  426  . 
Sterno-tliyroid  muscle,  412,  415,  416 
Stilling,  canal  of,  736 
Strand-cells,  465 

Stratum  bacillaris  retinse,  732,  734 

cinereum,  534 

corneum,  773 

disjunctum,  774 

filamentosum,  774 

germinativum,  773 

griseum  centrale,  533 

interolivary,  496 

lemnisci,  534 

lucidum,  774 

mucosum,  773,  774 

opticum,  534,  732 

pigmenti  retinse,  731,  732,  734 

zonale,  534,  544,  552,  585 
Stria  medullaris,  544,  548 

of  Gennari,  585 

vascularis,  765 
Strise  acusticse,  488,  497,  521 

longitudinales,  569,  571,  573 
Stripe  of  Hensen,  767 
Stylo-auricularis  muscle,  746 
Stylo-glossus  muscle,  414,  415,  416 
Stylo-hyoid  muscle,  413,  415,  416,  442 
Stylo-mandibular  ligament,  401 
Stylo-pharyngeus  muscle,  417,  419,  442 
Subanconeus  muscle,  336 
Subarachnoid  fluid,  601,  603 

space.    See  Sj)ace 
Subcallosal  gyrus,  571,  573,  597 
Subclavian  artery.    See  Artery 

loop,  708 

plexus,  708 
Subclavius  muscle,  324,  326 
Subcostal  muscles,  422,  426 
Subcrureus  muscle,  362 
Subdural  space,  597,  600 
Submaxillary  ganglion,  685,  687,  707 
Suboccipital  nerve,  611,  614 

triangle,  397 
Subscapular  nerve.    See  Nerve 
Subscapularis  muscle,  330,  331 

minor,  331 
Substantia  ferruginea,  488,  504 

gelatinosa,  456,  461,  468,  485,  490,  491,  502, 
525,  528 

nigra,  533,  546,  581 
Subthalamic  tegmental  region,  542,  546 
Suctorial  pad,  399,  404 
Sulcus  or  Sulci.    See  also  Groove 

alar,  717 

antihelicis  transversus,  745 
auris  anterior,  744 
basilar,  of  pons,  486 
callosal,  568 
centralis  cerebri,  558 
insulse,  568 


Sulcus  or  Sulci  of  cerebellum,  506,  529 
cerebral,  554 

development  of,  596 
circularis  Reilii,  556,  567 
of  cord,  454,  455,  460 
cruris  helicis,  745 
diagonalis,  560,  561 
fimbrio-dentate,  569 
of  frontal  lobe,  560 
fronto-marginalis,  560,  561 
horizontalis  of  cerebellum,  506 
intraparietalis,  563 
lateralis  mesencephali,  533 
limiting,  of  Reil,  556 
lunatus  occipitalis,  567 
malleolaris,  748 
of  Monro,  551,  594 
occipitalis  lateralis,  564,  566 

transversus,  563,  564,  566 
occipito-temporal,  566,  567 
oculo-motorius,  433 
olfactory,  562 
orbital,  562 
parallel,  567 
paramedians,  560,  561 
of  parietal  lobe,  563 
post-central,  563,  564 
post-limbic,  563 
precentral,  560,  561,  564 
primarius,  530 
rostrales,  561 
sclerge,  724 

spiralis  externus  cochlea3,  765 

internus  cochleae,  765 
temporal,  567 
tubse  auditivpe,  753 
tympanicus,  748,  750 
valleculse,  506,  507 
Supination,  movement  of,  354 
Supinator  radii  brevis  muscle,  351,  354 
Sujjracallosal  gyrus,  569,  571 
Supraclavicular  nerves,  624 
SujDrahyoid  muscles,  412,  415 
Supramandibular  nerve,  688 
SujDramarginal  gyrus,  563,  564 
Supraorbital  nerve,  679 
Suprarenal  capsule,  development  of,  715, 

plexus,  713 
Suprascapular  nerve.    See  Nerve 
Suprascleral  lymphatic  space,  725 
Supraspinatus  muscle,  329,  331 
Supratrochlear  nerve,  679 
Sural  nerve,  650,  657 
Suspensory  ligament  of  lens,  736 
Swallowing,  movements  in,  419 
Sweat  glands,  778 

development  of,  779 
ducts  of,  778 
glomerulus  of,  778 
orifice  of,  778 
Sylvian  aqueduct,  476,  478,  481,  531,  533,  542, 
551 

fissure,  553,  555,  556,  557,  562 
fossa,  556,  596 
point,  555 
Sympathetic  system,  443,  703 
cervical,  706,  715 

commissural  cords  of,  703,  705,  706,  710, 
711 

development  of,  715 
functions  of,  704 

ganglia  of,  704.    See  also  Ganglia 
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Sympathetic  system,  gangliated  cords  of,  704, 
705,  709,  710,  711 
general  structure  of,  704 
lumbar,  710 
morphology  of,  716 

nerve-fibres  of,  704.  See  also  Nerve-fibres 
plexuses  of,  712 

rami  communicantes  of,  704,  705.    See  also 

Rami 
sacral,  711 
thoracic,  708 
Synovial  sheaths  at  wrist,  337,  338 

Tactile  corpuscles,  774,  775 

discs,  774 
Taenia  fornicis,  572 

hipjwcampi,  572 

pontis,  548 

semicircularis,  544,  574,  576,  582 

thalami,  544,  547,  594 
Tangential  fibres  of  cortex,  585 
Tapetum,  571,  576,  588,  591 

cellulosum,  729 

of  chorioid,  729 

fibrosum,  729 
Tarsal  arches,  740 

glands,  739 

ligaments  of  eyelid,  739,  741 
Tarsus  of  eyelid,  738 
Taste  buds,  770 

nerves  of,  771 

organs,  770 
Tectorial  membrane,  766,  767 
Teeth,  auditory,  766 

nerves  of.    See  Nerves,  dental,  incisor 
Tegmen  tympani,  749,  752 
Tegmental  region,  subthalamic,  542,  546 
Tegmentum,  532,  535,  542,  546,  550 
Tela  choroidea,  604 
Telencephalon,  478,  481,  653,  594 
Temporal  artery.    See  Artery 

bone,   mastoid   antrum   of,  752.     See  also 
Antrum 

fascia,  400 

gyri.    See  Gvrus 

lobe,  567,  588 

muscle,  408,  410 

nerve.    See  Nerve 

sulci,  567 
Temporo-pontine  tract,  540,  583,  591 
Tendo  Achillis,  382 
Tendon,  conjoint,  430,  431 
Tenon,  capsule  of,  405,  724 
Tensor  fascise  femoris  muscle,  369,  375,  376, 
399 

latce  muscle,  369,  375,  376,  399 
palati  muscle,  419,  754 
tarsi  muscle,  403,  405 
tympani  muscle,  757 
Tentorium  cerebelli,  475,  599 
Teres  major  muscle,  330,  331 

minor  muscle,  329,  331 
Thalamencephalon,  478,  481 
Thalamic  radiation,  543,  545 
Thalamo-cortical  fibres,  591,  593 
Thalamo-striate  fibres,  581,  583 
Thalamus,  optic,  542 

anterior  nucleus,  545 

tubercle  of,  544 
bundle  of  Vicq  d'Azyr  of,  545 
central  nucleus  of,  545 
connexion  of,  with  basal  ganglia,  545 


Thalamus,  ojDtic,  connexion  of,  with  cerebral 
cortex,  543,  545,  592 
hippocampus,  572 
optic  tract,  545,  552 
development  of,  478,  480,  594 
external  geniculate  body  of,  544.    See  also 

Corpora  geniculata 
external  medullary  lamina  of,  543,  544 
fillet  fibres  of,  539 
gray  matter  of,  544 
internal  medullary  lamina  of,  545 
intimate  structure  of,  544 
lateral  nucleus  of,  545 
mesial  nucleus  of,  545 
nucleus  arcuatus  of,  545 
position  and  connexions  of,  476, 542, 544, 575 
pulvinar  of,  531,  544,  552 
radiation  of,  543,  545 
stratum  zonale  of,  544,  545,  552 
stria  medullaris  of,  544,  548 
surfaces  of,  543,  544,  550 
taenia  of,  544,  547,  594 
Theca  of  cord,  453 
Third  ventricle.    See  Ventricle 
Thoracic  ganglia,  706,  708,  712 

nerves.    See  Nerves 
Thorax,  muscles  of,  422,  426 
Thumb,  movements  of,  355 

muscles  of,  343,  345 
Thyro-hyoid  arch,  442,  702 

muscle,  412,  415,  416 
Tibial  arteries.    See  Artery 

nerves.    See  Nerves 
Tibialis  anticus  muscle,  378,  389 

posticus  muscle,  385,  389 
Tibio-fascialis  anticus  muscle,  379 
Tibio-fibular  joint,  movements  at,  389 
Toes,  digital  sheaths  of,  378 

movements  of,  390 
Tongue,  fimbriae  of,  770 

musoles  of,  414,  415,  442,  701 
papillae  of,  770 
taste  buds  of,  770 
Tonsillar  plexus,  698 
Tonsillitic  nerve,  690 
Tonsils,  cerebellar,  507 

of  Eustachian  tube,  754 
Touch,  organs  of,  772 
Trachelo-mastoid  muscle,  395,  399 
Tracts  of  basis-bundles.    See  Basis -bundle 
of  Burdach,  466,  473.    See  also  Spinal  cord 
callosal,  crossed,  546 
central  tegmental  of  pons,  502 
cerebello-olivary,  496,  497,  510 
comma,  466 

of  corpus  trapezoides,  501 
cortico-pontine,  501,  540,  583,  591 
direct  cerebellar,  464,  468,  473,  484,  485,  496, 
510 

sensory,  468 

sensory  cerebellar,  521 
of  fillet.    See  Fillet 
fronto-pontine,  540,  583,  591 
of  Goll,  466,  473.    See  also  Spinal  cord 
of  Gowers,  468,  473,  484,  498,  511 
of  Lissauer,  468 
marginal,  of  Lowenthal,  521 
myelinisation  of,  473 
olfactory,  569,  596 

lateral  root  of,  570 

mesial  root  of,  570,  573 

structure  of,  587 
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Tracts,  optic,  475,  532,  675,  698 
cerebral  connexions  of,  552 
commissural  fibres  of,  552 
efi'erent  fibres  of,  552 
lateral  root  of,  532,  552 
mesial  root  of,  532,  552 
posterior    longitudinal.     See  Longitudinal 

bundle 
pyramidal,  591 

in  cerebral  hemispheres,  591 
crossed,  468,  469,  473,  483,  490,  591 
direct,  470,  473,  483,  490,  591 
in  internal  capsule,  583 
in  medulla,  489,  490 
in  pons,  499 
rubro-spinal,  537  ^ 
sejDto-marginal  descending,  468 
spino-thalamic,  468,  494 
temporo-pontine,  583,  591 
Tractus  spiralis  foraminosus,  761,  762 
Tragicus  muscle,  746 
Tragus,  744 

Transversalis  abdominis  muscle,  431 

cervicis  muscle,  394 
Transverse  fissure  of  brain,  604 

metacarpal  ligaments,  338 

metatarsal  ligament,  378 
Transversus  perinei  superficialis  muscle,  436 

auriculae  muscle,  746 

perinei  profundus  muscle,  437 

thoracis  muscle,  422 

vaginae  muscle,  437 
Trapezius  muscle,  318,  326 
Triangle  of  auscultation,  319 

of  Hesselbacli,  434 

of  Petit,  430 

suboccipital,  397 
Triangular  fascia,  430 

ligament  of  perineum,  438 
Triangularis  sterni  muscle,  422,  426 
Triceps  brachii  muscle,  334,  336 

cruris  muscle,  381 
Trigeminal  nerve.    See  Nerve 
Trigone,  olfactory,  570 
Trigonum  acustici,  488 

habenulse,  544,  547,  594 

hypoglossi,  488,  516,  527 

of  lateral  ventricle,  576 

vagi,  488,  517,  527 
Trochlea  of  obliquus  superior  muscle,  406 
Trochlear  nerve,  540,  677 
Troltsch,  recesses  of,  758 
Trunks  of  brachial  plexus,  623,  663 

of  sacral  plexus,  648,  664 
Tube,  Eustachian.    See  Eustachian  tube 

neural.    See  Neural  tube 
Tuber  cinereum,  475,  478,  548,  550,  595 

valvulse,  507,  508 

vermis,  507 
Tubercle  or  Tubercles,  amygdaloid,  576 

cuneate,  485,  492 

olfactory,  570 

of  thalamus,  544 
Tuberculum  acusticum,  519,  520 

cinereum,  485 

Darwinii,  744,  745 

Eolandi,  485,  491 

supra-tragicum,  744 
Tunica  conjunctiva  bulbi,  739 
palpebrarum,  739 

vasculosa  oculi,  725,  727 
Tunnel  of  Corti,  766 


Tympanic  antrum,  752 
cavity,  748 
atrium  of,  748 
blood-vessels  of,  758 
membrana  tympani  secundaria  of,  752 
mucous  membrane  of,  758 
muscles  of,  757 
nerves  of,  758 

orifice  of  Eustachian  tube  in,  750 

promontory  of,  752 

pyramid  of,  749 

recessus  epitympanicus  of,  748 

sinus  of,  752 

tegmen  of,  749,  752 
groove,  748,  750 
membrane,  750 
nerve.    See  Nerve 
ossicles,  754 
place,  fibrous,  748 
plexus,  689,  707 
ring,  748 

Tympanum,  748.    See  also  Tympanic  cavity 
walls  of,  749,  750 

Ulnar  nerve.    See  Nerve 
Umbo  membranae  tympanse,  751 
Uncus,  568,  584 
Ungues,  775 
Uterine  plexus,  714 
Utricle,  759,  762 

macula  acustica  of,  762 

recessus  of,  762 

sinus  superior  of,  763 
Uvula  of  cerebellum,  507,  508 

Vaginal  ligaments,  378 

plexus,  714 
Vagus  nerve.    See  Nerve 
Vallecula  of  cerebellum,  506 

Sylvii,  555 
Vallum  unguis,  775 
Valve  of  Beraud,  741 

of  Hasner,  741 

of  Krause,  741 

of  Vieussens.  See  Velum,  medullary  superior 
Vas  prominens,  765 

sjoirale,  766 
Vastus  externus  muscle,  361,  375 

intermedins  muscle,  361 

internus  muscle,  361,  375 
Veins  or  Vein  of  corpus  striatum,  574 

of  Galen,  604 

vesical.    See  Vesical  plexus 
Velum  interjDositum,  550,  604 
medullary,  511 

inferior,  508,  511,  530 
superior,  476,  486,  511,  529 
Vena  or  Venae  magna  Galeni,  604 

vorticosge,  725,  728 
Ventricles,  cerebral,  development  of,  478,  595 
fifth,  573 
fourth,  475,  487 

acustic  area  of,  488,  520,  527 
area  postrema,  488 
calamus  scriptorius  of,  488 
choroid  plexuses  of,  512,  529,  604 
eminentia  teres  of,  488,  524,  527 
floor  of,  482,  487,  499,  527 
foramen  of  Majendie  of,  512,  601 
fovea  inferior  of,  488,  527 

superior  of,  488,  527 
funicular  separans,  488 
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Ventricles,  cerebral,  fourth,  lateral  recesses  of, 
487,  512,  601 
ligula  of,  512 

locus  coeruleus  of,  488,  527 

obex  of,  512 

plica  choroidea  of,  529 

roof  of,  487,  511,  529 

striae  acusticse  of,  488,  497,  521 

substantia  ferruginea  of,  488 

trigonuni  acustici  of,  488 

liypoglossi  of,  488,  516,  527 

vagi  of,  488,  517,-527 
lateral,  476,  573 

amygdaloid  tubercle  of,  576 
body  of,  573,  574 
bulb  of,  576 
calcar  avis  of,  576 

choroid  plexus  of,  575,  576,  578,  604 

develoj)ment  of,  596 

eminentia  coUateralis  of,  560,  576,  578 

ependyma  of,  573,  578 

fimbria  of,  576 

floor  of,  574,  576 

foramina  of,  573,  594 

hippocampus  maj  or  of.  /See  Hi]Dpocampus 

horns  of,  573,  574,  576 

nuclei  of,  574,  575,  576,  579,  580 

pars  centralis  of,  574 

shape  of,  573 

taenia  semicircularis  of,  574,  576,  582 
trigonum  of,  576 
third,  476,  550 

choroid  plexus  of,  604 
floor  of,  550 
foramina  of,  551 

gray  commissure  of,  544,  550,  594 
infundibulum  of,  548,  551,  595 
recessus  opticus  of,  551,  595 
pinealis  of,  551,  594 
suprapinealis  of,  551 
roof  of,  550,  595 
sulcus  of  Monro  of,  551,  594 
walls  of,  550 
Ventricles  of  nose,  719 

of  Verga,  572 
Ventriculus,  terminalis  of  cord,  459 
Verga,  ventricle  of,  572 
Vermis  of  cerebellum,  506,  507 
Vernix  caseosa,  779 

Vertebra  or  Vertebrae,  relation  of,  to  cord,  452 

to  spinal  nerves,  608 
Vertebral  aponeurosis,  318,  391 
Vertebral  column,  movements  of,  398 
Vesical  plexus,  714 
Vesicle,  auditory,  703 

cerebral,  476,  481 

optic,  478,  480,  741 

otic,  769 


Vesicle,  otic,  recessus  labyrinth!  of,  769 
Vestibular  ganglion,  689,  699 

nerve.    See  Nerve 
Vestibule,  aqueduct  of,  759 
of  labyrinth,  759 
aqueduct  of,  759 
crista  of,  759 
development  of,  769 
fenestra  ovalis  of,  752,  759 
fissura  of,  760 
macula  cribrosa  of,  759 
pyramid  of,  759 
recessus  cochlearis  of,  759 
ellipticus  of,  759 
sphericus  of,  759 
of  nasal  fossa,  719 
Vibrissae,  719 

Vicq  d'Azyr,  fasciculus  of,  545,  548,  572,  585 
Vidian  nerve,  682,  707 
Vieussens,  ansa  of,  708 

valve  of.    See  Velum,  medullary  superior 
Vincula  accessoria,  342,  343 
Visceral  arches,  701 

clefts,  701 
Visual  area,  593 

purple,  732 
Vitreous  body,  725,  735 
composition  of,  736 
development  of,  742 
fossa  patellaris  of,  735 
hyaloid  canal  of,  736,  742 
membrane  of,  735 
Vomerine  cartilage,  718 

Walking,  movements  of,  390 
Wallerian  degeneration,  466 
White  line  of  pelvis,  438,  440 
White  matter,  develoj)ment  of,  471 

of  cerebellum,  509,  514 

of  cerebral  hemispheres,  554,  588 

cerebrospinal,  443 

of  cord,  459,  465 

of  medulla,  489 
Wolflian  ridge,  662 
Wrisberg,  ganglion  of,  693 

pars  intermedia  of,  522,  524,  686,  687,  689, 

699 

Wrist,  annular  ligaments  of,  337 
movements  at,  354 
synovial  sheaths  at,  337,  338 

Zinn,  zonule  of,  735 
Zona  arcuata,  766 

pectinata,  766 
Zonula  ciliaris,  735 
Zonule  of  Zinn,  735 
Zygomaticus  major  muscle,  404,  405 

minor  muscle,  404,  405 
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